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Abstract
Neuromyths, or misconceptions about the brain and learning that are rooted in scientific
fact, have been documented among educators across various subject areas and educational levels
throughout the world. The endorsement of neuromyths may affect the ability of educators to
support the psychological needs of their students. The present study examined neuromyth
endorsement and neuroscience literacy among pre-service educators, as well as their orientations
toward autonomy-supportive or controlling motivational styles. Associations between preservice teachers’ knowledge of the brain (i.e., neuromyth endorsement and neuroscience literacy)
and their motivational styles (i.e., autonomy-supportive or controlling) were also explored. Data
were gathered from 147 pre-service teachers attending a large university in the southeast United
States using an online survey. Pre-service teachers endorsed an average of 31.8% of neuromyths
and responded correctly to 67% of the neuroscience literacy statements from the Brain in
Education measure. In addition, they were found to have more autonomy-supportive than
controlling motivational styles. Neuromyth endorsement and neuroscience literacy accounted for
11% of the variance in autonomy-supportive motivational style but were not significant
predictors of controlling motivational style. Ethnicity accounted for 14% of the variance in
controlling motivational style. This study provides preliminary evidence of a relation between
pre-service teachers’ knowledge of the brain and their orientation toward an autonomysupportive motivational style. Theoretical and practical implications are discussed, as well as
limitations of the present study and directions for future research.

vi

Chapter One: Introduction
Background
In the fall semester of 2011, I was midway through my fifth year as a high school social
studies teacher. Following the release of movies like Inception and Limitless—films that suggest
we have yet to access the full potential of our brains— my psychology students were buzzing
with enthusiasm over the promise of harnessing the untapped abilities of their underutilized
brains. My students, it appeared, endorsed the pervasive neuromyth that individuals only use 10
percent of their brain (Dekker et al., 2012; Dündar & Gündüz, 2016; Ferrero et al., 2016;
Grospietsch & Mayer, 2019; Howard-Jones, 2014; Pasquinelli, 2012). As a teacher, it was
heartening to work with adolescents eager to know more about their brains. In a way, they were
correct; the adolescent brain has amazing potential and working to optimize that potential ought
to be a consideration in education. However, it is also important to consider students’ and
educators’ misconceptions about the brain, as well as any implications for learning and
instruction.
Throughout my time as a high school teacher, I frequently came into contact with beliefs
about learning, the brain, and behavior that conflicted with much of what I know about
psychology. These misconceptions were not limited to students; they were evident in the words
and actions of my colleagues and administrators and in school and district policies. A growing
body of research corroborates my observations, describing a pattern of misconceptions about the
brain among educators worldwide from pre-school through higher education (Dekker et al.,
2012; Dündar & Gündüz, 2016; Ferrero et al., 2016; Gleichgerrcht et al., 2015; Lethaby &
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Harries, 2016; Papadatou-Pastou et al., 2017; van Dijk & Lane, 2018). My experiences as a high
school teacher inform my doctoral research, which includes teachers’ knowledge of the brain and
its development as well as teaching practices that support students’ brain development and their
basic psychological needs for autonomy, competence, and relatedness.
Statement of the Problem
Since the 1980s, advancements in in-vivo brain imaging, specifically magnetic resonance
imaging (MRI) and functional magnetic resonance imaging (fMRI), have allowed for improved
knowledge of the structure and function of the human brain (Blakemore, 2018; Thomas et al.,
2018). Although neuroscience research often relies upon animal studies, a growing body of
research conducted with human participants has refined our understanding of neuroplasticity and
brain development (Blakemore, 2018; OECD, 2002; Spear, 2013). Notably, progress in brain
research has demonstrated that the human brain maintains plasticity across the lifespan,
overturning the idea that brain development is largely confined to childhood (Blakemore, 2018;
Dahl et al., 2018; Thomas et al., 2018). While past research encouraged the development of
programs aimed at supporting brain development during the first few years of life, there is now
compelling evidence to direct resources toward supporting brain development among schoolaged and adolescent youth, as well (Dahl, 2004; Morita et al., 2016). Similar to childhood, a
second wave of heightened neuroplasticity during adolescence identifies this developmental
period as an important time for educational investment (Blakemore et al., 2010; Dahl, 2004;
Dahl et al., 2018; Spear, 2013). For instance, development in the brain’s emotional and
motivational systems outpaces cognitive maturation during adolescence, positioning teachers to
provide support for the development of self-regulatory skills and the channeling of passions
toward positive outlets (Blakemore, 2018; Dahl, 2004; Steinberg, 2015).
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Neuroeducation. As brain research proliferates, opportunities for new applications arise.
Neuroeducation (a.k.a., educational neuroscience or mind, brain, and education) seeks to
identify and address misunderstandings about the brain and to inform educational practices
grounded in neuroscientific research through increased interdisciplinary collaboration (HowardJones, 2014). Neuroeducation research also aims to improve educational outcomes by
influencing factors that directly affect learning, such as attention and motivation (Thomas et al.,
2018).
Practicing teachers are enthusiastic about the potential for neuroscience research to
inform educational practice (Bailey et al., 2018; Karakus et al., 2015; OECD, 2002; PapadatouPastou et al., 2017; Pickering & Howard-Jones, 2007; Rato et al., 2013; Serpati & Loughan,
2012; Zhang et al., 2019). A mixed-methods study conducted in the United States found that inservice teachers are interested in learning how they may influence their students’ neurobiology
and neuropsychology as well as which practices to avoid (Serpati & Loughan, 2012). This
indicates awareness among American educators that some teaching practices are ineffective,
alongside openness to changing practices and recognition that educators play a role in shaping
their students’ brain development.
Challenges facing neuroeducation. Effectively integrating brain research into
educational practice is challenging. Translating findings from neuroscience laboratories to
classroom settings is difficult and misconceptions about the brain abound. In 2002, the
Organization for Economic Co-operation and Development (OECD) addressed efforts to
integrate cognitive neuroscience and education and established a widely used definition for
neuromyths, identified as “misconception[s] generated by a misunderstanding, a misreading, or a
misquoting of facts scientifically established (by brain research) to make a case for use of brain
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research, in education and other contexts” (p. 111). Three prevalent neuromyths include: (1)
individuals learn better when they receive information in their preferred learning style (e.g.,
visual, auditory, kinesthetic); (2) differences in hemispheric dominance (i.e., left brain, right
brain) can help explain individual differences amongst learners; and (3) environments that are
rich in stimuli improve the brains of pre-school children (Dekker et al., 2012; Dündar & Gündüz,
2016; Pei et al., 2015; van Dijk & Lane, 2018).
Neuromyths. Neuromyths have been documented among pre- and in-service educators
across various subject areas and educational levels throughout the world (Dekker et al., 2012;
Gleicherrcht et al., 2015; Kim & Sankey, 2018; Papadatou-Pastou et al., 2017; Pei et al., 2015;
van Dijk & Lane, 2018). A comparison of pre- and in-service teachers from the UK, US, Latin
America, China, and Turkey, showed that 63 to 97.6% of primary and secondary teachers studied
endorsed the learning styles myth (Dündar & Gündüz, 2016; van Dijk & Lane, 2018). Another
62 to 91% of pre- and in-service teachers agreed that differences in hemispheric dominance
explain individual differences in learning and 81.3 to 95% agreed that environments that are rich
in stimulus improve the brains of pre-school children (Dekker et al., 2012; Dündar & Gündüz,
2016; Ferrero et al., 2016; Pei et al., 2015; van Dijk & Lane, 2018). A few studies indicate
neuromyths may be somewhat less prevalent among pre-service teachers (Howard-Jones et al.,
2009; Papadatou-Pastou et al., 2017; Tardif et al., 2015). However, same-study comparisons
between pre-service and in-service teachers are limited and differences reported across studies
are small. Research providing greater clarity into differences in neuromyth endorsement among
pre-service and in-service teachers is needed in order to draw firmer conclusions.
Neuroscience literacy. Neuromyth studies typically assess teachers’ neuroscience
literacy, or general knowledge of the brain, as well. Studying neuroscience literacy together with
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neuromyths helps researchers to better understand what teachers know and how they think about
the brain (Howard-Jones et al., 2009). Even if teachers lack formal training in neuroscience, they
have an understanding of the brain that is influenced by their own experiences and education
(Howard-Jones et al., 2009). Informal knowledge of the brain may contribute to the development
of misconceptions and the perpetuation of neuromyths among educators (Dündar & Gündüz,
2016). Understanding the relation between general knowledge of the brain and susceptibility to
neuromyths may inform interventions aimed at combating neuromyth endorsement and
improving teachers’ understanding of brain functioning and development (Dekker et al., 2012;
Dündar & Gündüz, 2016; Ferrero et al., 2016). It is also important to gauge teachers’ knowledge
of neuroscience when translating information from neuroscience to education because a lack of
expertise may contribute to the spread of misinformation about the brain and the endorsement of
neuromyths among educators (Dekker et al., 2012; Dündar & Gündüz, 2016).
Studies of neuromyths and neuroscience literacy. Although there is some variation in
how teachers’ neuroscience literacy and endorsement of neuromyths are operationalized, many
studies have used or adapted a questionnaire created by Howard-Jones et al. (2009) and refined
by Dekker et al. (2012). Data concerning the relation between neuromyth endorsement and
neuroscience literacy is conflicting. It is reasonable to assume that neuroscience literacy would
protect against the endorsement of neuromyths. Yet, many studies indicate the opposite is true:
pre- and in-service teachers who correctly identify more factual statements about the brain also
agree with more statements describing neuromyths (Bailey et al., 2018; Dekker et al., 2012;
Ferrero et al., 2016; Gleichgerrcht et al., 2015; Kim & Sankey, 2018). Of nine studies reviewed
investigating relations between neuromyths and neuroscience literacy, three found a significant
inverse relation (Howard-Jones et al., 2009; Papadatou-Pastou et al., 2017; van Dijk & Lane,
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2018). One study found no significant relation (Zhang et al., 2019). Further study of the relation
between neuromyths and neuroscience literacy within pre- and in- service teacher populations is
warranted.
The pervasiveness of neuromyth endorsement among educators is problematic and costly.
Time spent on misguided practices, like tailoring instructional delivery to students’ learning
styles, detracts from meaningful learning time in class (Kim & Sankey, 2018) as well as time
spent on effective professional development for teachers (Ferrero et al., 2016). When in-service
teachers are exposed to and influenced by neuromyths, they often transmit these beliefs to new
teachers (Ferrero et al., 2016; Tardif et al., 2015) and to their students (Gleichgerrcht et al.,
2015). The potential compounding effect represents a waste of resources, including time and
money, which are often scarce for educators (Gleichgerrcht et al., 2015, van Dijk & Lane, 2018,
Zhang et al., 2019). The endorsement of neuromyths by educators may also harm the credibility
of the teaching profession (Kim & Sankey, 2018) and neuroscience research (Zhang et al., 2019).
Teachers may weaken their authority by adopting practices aligned with incorrect beliefs (Kim &
Sankey, 2018). Additionally, teachers who embrace practices founded on misunderstandings of
scientific literature may lose confidence in neuroscience, undermining efforts to bridge the two
fields (Zhang et al., 2019). Because educators’ time, money, and energy are finite, investing in
neuromyths diminishes resources available for research-supported practices (van Dijk & Lane,
2018; Zhang et al., 2019), such as need supportive teaching.
Implications for educators. The endorsement of neuromyths and other
misunderstandings of psychological and neuroscientific principles may affect the ability of
educators to support students’ needs in the classroom. Need supportive teaching practices
contribute to the satisfaction of three basic psychological needs outlined in self-determination
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theory (Deci & Ryan, 2000): autonomy, competence, and relatedness (Stroet et al., 2013).
Recently, there have been signs of nascent interest in integrating self-determination theory with
neuroscientific study (Reeve & Lee, 2019). Supporting students’ brain development in addition
to their basic psychological needs may represent a way for educators to best engage in
responsive teaching practices. Considering brain development and psychological need support in
tandem may be helpful, given that both may contribute to students’ motivation and engagement
(Romer et al., 2017; Spear, 2013; Stroet et al., 2015) as well as their cognitive and socioemotional development (Immordino-Yang et al., 2019; Spear, 2013; Stroet et al., 2013; Zelazo &
Carlson, 2012).
There are several reasons why pre-service teachers may need additional support to
develop sufficient knowledge of the brain’s function and development, as well as how brain
development influences students’ cognitive, social-emotional, and volitional behaviors. Foremost
is the fact that neuroscience literacy is not included in national teaching standards (Schwartz et
al., 2019). There is a lack of evidence that pre-service teachers receive instruction in how the
brain relates to learning and memory (Schwartz et al., 2019) or general brain function and
development (Dekker & Jolles, 2015). Research indicates that improving teachers’ understanding
of the brain’s function and development confers a variety of practical and personal benefits that
allow educators to be more understanding of and responsive to their students’ developmental
needs (Hook & Farah, 2013) while enriching their pedagogical choices (Schwartz et al., 2019).
Thus, research suggests that providing teachers with insight into the development and workings
of the brain may contribute to more effective applications of neuroscience findings to education
and support responsive teaching practices.
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As a misconception, neuromyth endorsement is often resistant to change (Ferrero et al.,
2016; Im et al., 2018; Macdonald et al., 2017). There is a need to develop effective training for
pre- and in-service teachers to stop the spread of misinformation and redirect resources toward
research-based instructional practices (Ferrero et al., 2016; Lethaby & Harries, 2016; Schwartz et
al., 2019; Tardif et al., 2015; van Dijk & Lane, 2018). Designing successful interventions may
offset some of the costs associated with neuromyth beliefs and their corresponding effects on
teacher practices. However, before effective interventions can be developed, there is a need to
better understand how educators think about the brain and how their beliefs inform their teaching
practices (van Dijk & Lane, 2018).
Studies of neuromyth endorsement among pre-service teachers have been conducted in
Europe (Grospietsch & Mayer, 2019; Howard-Jones et al., 2009; Papadatou-Pastou et al., 2017),
Asia (Dündar & Gündüz, 2016), Australia (Kim & Sankey, 2018), and the United States (Ruhaak
& Cook, 2019; van Dijk & Lane, 2018). It is important to study neuromyths and neuroscience
literacy among educators in the United States due to subtle cultural differences in beliefs about
the mind and the brain (Deligiannidi & Howard-Jones, 2015; Karakus et al., 2015; Pei et al.,
2015; van Dijk & Lane, 2018; Zhang et al., 2019). To date, four studies of neuromyths have been
conducted with educators in the United States. Two studies focused on in-service teachers
(Lethaby & Harries, 2016; Macdonald et al., 2017). In the third study, 34 of the 169 teacher
participants were pre-service teachers (van Dijk & Lane, 2018). The fourth study focused on preservice special education teachers (Ruhaak & Cook, 2019). Thus, there is a need for additional
investigation of neuromyth endorsement and neuroscience literacy among pre-service teachers in
the United States, particularly those who plan to work with mainstream students. Further study of
neuromyth endorsement and neuroscientific literacy—specifically among American pre-service
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teachers—may assist with cross-cultural comparisons and aid in the development of successful
interventions. Further study may also provide valuable feedback for improving teacher education
programs, evaluating national teaching standards, and preparing future educators to effectively
support their students’ needs in school.
Theoretical Framework
Responsive teaching. Educators practice responsive teaching when they are attuned to
and prepared to support the needs of their students (Caskey & Anfara, 2007). Selecting ageappropriate classroom practices and establishing a supportive environment contribute to
responsive teaching in school (Eccles et al., 1993). As students develop intellectually,
emotionally, and psychologically, educators can demonstrate responsive teaching by providing
adequate structure and challenge, opportunities for authentic learning, and a learning
environment characterized by trust and positive, healthy relationships with peers and teachers
(Caskey & Anfara, 2007; Kiefer et al., 2014; Reeve, 2006; Stroet et al., 2013). The adoption of
an autonomy-supportive motivational style is another way that educators can support students’
psychological need satisfaction. Teachers who effectively support students’ needs contribute to a
range of positive outcomes, including enhanced motivation, academic performance, and wellbeing (Jang et al., 2010; Reeve, 2006; Ruzek et al., 2016, Stroet et al., 2013).
Self-determination theory. Self-determination theory (SDT) identifies three basic
psychological needs (i.e., autonomy, competence, and relatedness) that influence students’
motivation, academic performance, and well-being (Deci & Ryan, 2000). Within the SDT
framework, autonomy refers to the freedom to self-regulate one’s behavior in the absence of
controlling external forces (Deci & Ryan, 2000). Competence describes the ability to achieve
mastery and experience efficacy, and relatedness concerns the attainment of a sense of
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belonging, attachment, security, and intimacy with others (Deci & Ryan, 2000). Selfdetermination theory is a useful framework as autonomy, competence, and relatedness are
universal needs. A substantial literature base relates the satisfaction of these three needs with
positive outcomes in school and overall well-being (e.g., Jang et al., 2010; Reeve, 2006; Sheldon
& Niemiec, 2006; Stroet et al., 2013).
Need supportive teaching. Need supportive teaching practices satisfy the three needs
outlined by self-determination theory and influence students’ motivation, performance, and wellbeing (Deci & Ryan, 2000; Stroet et al., 2013). Teachers’ motivational styles influence students’
need satisfaction in school (Reeve, 2006; Reeve, 2009; Stroet et al., 2013; Stroet et al., 2015). By
adopting an autonomy-supportive motivational style, teachers can support their students’ needs
for autonomy. Examples of autonomy-supportive practices include structuring class activities to
engage students in active learning that is driven by their interests and offering opportunities for
challenge and meaningful choice-making (Reeve, 2006; Stroet et al., 2013). Fostering relevance,
avoiding external regulators (e.g., rewards), and adopting the use of non-controlling language are
also autonomy-supportive practices (Reeve, 2006; Stroet et al., 2013). By providing a structured
classroom environment, teachers can support their students’ needs for competence. Examples of
such practices include assisting students with monitoring their work, communicating positive
expectations, providing clear directions, and relying upon informational rather than evaluative
feedback (Jang et al., 2010; Stroet et al., 2013). By providing an emotionally and relationally
supportive classroom environment, teachers can support their students’ needs for relatedness.
Examples of such practices include promoting an emotionally supportive environment in which
students enjoy positive interactions with the teacher and peers and in which students develop a
sense of connection and belonging (Reeve, 2006; Stroet et al., 2013). Despite recent interest in

10

integrating neuroscience and self-determination theory (Reeve & Lee, 2019), there is currently
no research investigating teacher practices that support student’s brain development in
conjunction with their basic psychological needs.
Brain development. Neuroplasticity refers to the brain’s ability to change and adapt to
experience and underlies the process of learning (Fuhrmann et al., 2015). During particular
sensitive periods, the brain is especially sensitive to particular learning activities (OECD, 2007).
Early childhood has long been recognized as a period of intellectual growth, although less
attention has been paid to brain development among school-aged children and adolescents
(Morita et al., 2016). However, modern imaging technology permits greater insight into changes
in the brain over time, demonstrating different patterns of brain activity throughout infancy,
childhood, adolescence, and adulthood (Morita et al., 2016; OECD, 2007). Even as children
acquire adult-level skills, the whole brain continues to develop along a protracted trajectory with
patterns of brain activity differing between children and adults for the same task (Morita et al.,
2016). Evidence from neuroimaging Data from the National Institute of Health (NIH) Magnetic
Resonance Imaging (MRI) Study of Normal Brain Development shows that children improve
dramatically on neurocognitive tasks measuring basic information processing (i.e., coding, digit
span, and spatial span) between the ages of six and ten (Waber et al., 2007). Further, despite
evidence of mentalizing abilities, such as theory of mind, around age 4 or 5, imaging studies
show that brain circuitry underlying mentalizing processes continues to develop and refine over
the next several years (Morita et al., 2016). Networks involved in high-order cognitive
functioning also increase in connectivity and functional maturation across childhood and
adolescence, before reaching maturity in adulthood (Morita et al., 2016).
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Adolescence is also thought to be a sensitive period for learning as structural and
functional changes to the brain are achieved through heightened neuroplasticity during this
developmental stage (Blakemore et al., 2010; Fuhrmann et al., 2015; Piekarski et al., 2017).
Adolescent brain development yields gradual changes to cognitive and affective functioning.
Cognitive maturation results in improvements to executive functioning, affecting cognitive
control, decision-making, inhibition, and working memory (Caballero et al., 2016; Gur & Gur,
2017; Juraska & Willing, 2017). Adolescents also demonstrate improvements in metacognition
and abstract thinking (Caskey & Anfara, 2007). Socio-emotional maturation is characterized by
improved capacity for mentalizing, social learning, and self-appraisal (Guyer et al., 2016; Kilford
et al., 2016) as well as heightened risk-taking, sensation-seeking, and sensitivity to reward (van
Duijvenvoorde, et al., 2016). Recognition of adolescence as a period of significant brain growth
justifies efforts to improve educators’ understanding of adolescent brain functioning and
development, and to promote the acquisition of skills and self-regulatory behaviors integral to
success in adulthood (Dahl et al., 2018). Further, knowledge of brain development provides
teachers insight into students’ behavior (Papadatou-Pastou et al., 2017), which may contribute to
supporting students’ needs in the classroom.
Purpose of the Present Study
The purpose of this study is to extend existing research examining neuroscience literacy
and neuromyths among pre-service educators. In order to address the aforementioned limitations
and gaps in the literature, this study has three main aims: (1) to explore the prevalence of
neuromyths among pre-service teachers as well as their neuroscience literacy; (2) to explore
whether pre-service educators tend to adopt a more autonomy-supportive or controlling
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motivational style; and (3) to explore associations between pre-service teachers’ knowledge of
the brain and their motivational style.
The results of this study have theoretical and practical implications. Studying pre-service
teachers’ neuromyths and neuroscience literacy may provide insight into how to address
challenges involved in effectively bridging educational and neuroscience research (HowardJones, 2014). Identifying teachers’ knowledge of and misconceptions about the brain represents a
crucial step toward addressing misunderstandings and supporting the appropriate application of
neuroscience to educational practice (Dündar & Gündüz, 2016; Pasquinelli, 2012). There is also
little research providing an in-depth look at these beliefs among pre-service teachers, especially
in the United States. To date, there have been no published studies examining associations
between teachers’ endorsement of neuromyths, neuroscience literacy, and motivational style.
There is evidence that providing training to practicing teachers about the brain and brain
development improves their pedagogical choices and provides insight into students’ social and
emotional behaviors (Schwartz et al., 2019). Thus, a more refined understanding of pre-service
teachers’ knowledge of the brain may be used to revise teacher education programs, evaluate
national teaching standards, and plan professional development for in-service teachers. For preservice teachers, increased awareness of neuromyths and brain development may aid in decisionmaking regarding which practices to adopt and which to avoid as they embark upon their
teaching careers. It may also provide a buffer against later adoption of practices based upon
neuromyths or other misconceptions about the brain once they become practicing educators.
Research Questions
The first aim is to explore the prevalence of neuromyths among pre-service teachers as
well as their neuroscience literacy. The following questions serve this purpose:
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1. What is the prevalence of neuromyths among pre-service teachers?
2. What is the neuroscientific literacy of pre-service teachers?
The second aim is to explore the prevalence of autonomy-supportive and controlling
motivational styles among pre-service teachers. The following question serves this purpose:
3. Do pre-service teachers tend to adopt a more autonomy-supportive or controlling
motivational style?
The third aim is to explore associations between pre-service teachers’ knowledge of the
brain and their motivational style. A final question serves this purpose:
4. What are the associations between pre-service teachers’ knowledge of the brain (i.e.,
neuromyth endorsement and neuroscience literacy) and their motivational style (i.e.,
autonomy-supportive or controlling) after controlling for any significant relations among
demographic variables (i.e., sex, age, ethnicity, GPA, and subject area specialization)?
Research Hypotheses
Given the consistency of findings concerning neuromyth endorsement among in-service
educators (Dekker et al., 2012; Ferrero et al., 2016; Grospietsch & Mayer, 2019; Howard-Jones,
2014), it was expected that the prevalence of neuromyths among pre-service teachers in the
present study would align with prior studies of pre-service teachers (Howard-Jones et al., 2009;
Papadatou-Pastou et al., 2017). Pre-service teachers in England (Howard-Jones et al., 2009),
Greece (Papadatou-Pastou et al., 2017), and the United States (Ruhaak & Cook, 2019) responded
accurately (i.e., correctly agreed or disagreed) to an average of 34.2 %, 43.62 %, and 35.6% of
neuromyth statements, respectively.
Studies of neuroscience literacy among pre-service educators suggest greater variance
(Howard-Jones, 2009; Kim & Sankey, 2018; Papadatou-Pastou et al., 2017). In England, pre-
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service teachers correctly agreed or disagreed with an average of 57.19% general assertions
about the brain, or 9.15 out of 16 total statements (Howard-Jones et al., 2009). American preservice special education teachers demonstrated 62.5% accuracy, while Australian pre-service
teachers responded correctly to an average of 75.6% (Kim & Sankey, 2018). Papadatou-Pastou
and colleagues (2017) reported an error score of 21.06% for Greek pre-service teachers regarding
general knowledge of the brain. Given the wide variation in pre-service teachers’ neuroscientific
literacy and the lack of research on pre-service teachers in the United States, no specific
hypotheses were made in the current study.
Although research suggests that in-service teachers are more likely to adopt a controlling
motivational style (Reeve, 2009), there is little research examining pre-service teachers’
motivational styles. Studies have demonstrated the effectiveness of interventions aimed
increasing pre-service teachers’ autonomy-supportive behaviors (Jennings et al., 2011; Perlman,
2015). However, no studies specifically investigating pre-service teachers’ orientations toward
more autonomy-supportive or controlling styles were found. For this reason, Question 3 was
purely exploratory and no hypotheses were offered. Due to a dearth of research investigating
associations between neuroscience literacy and motivational styles, Question 4 was considered
exploratory and no hypotheses were offered.
Definitions of Key Terms
Autonomy-supportive motivational style. Teachers’ motivational styles fall along a
continuum from controlling to autonomy-supportive (Reeve, 2006). An autonomy-supportive
motivational style is characterized by practices that nurture students’ intrinsic motivational
resources (e.g., incorporating students’ interests and establishing relevance), non-controlling
language, and acknowledgement of students’ feelings and perspectives (Reeve, 2006; Stroet et
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al., 2013). In comparison to a controlling motivational style, an autonomy-supportive style is
associated with higher intrinsic and mastery motivation, greater perceived competence, as well as
improved academic persistence, conceptual understanding, academic performance, and wellbeing (Jang et al., 2010; Reeve, 2006, Ruzek et al., 2016; Stroet et al., 2013).
Controlling motivational style. A controlling motivational style is characterized by
reliance upon extrinsic motivators and pressure-inducing language, the failure to provide
rationales or explanations for requests, and opposition to students’ complaints or expressions of
negative affect (Reeve, 2009).
Need supportive teaching. Need supportive teaching refers to classroom teaching
practices that satisfy, or support, the three basic psychological needs described by selfdetermination theory (i.e., autonomy, competence, and relatedness; Stroet et al., 2013). Need
supportive teaching involves engaging in autonomy supportive practices (e.g., providing students
with choice, fostering relevance, using informational rather than controlling language); providing
adequate structure (e.g., giving clear directions, monitoring students and offering support,
communicating high expectations); and fostering a sense of relatedness (e.g., developing stable
relationships characterized by concern and a lack of conflict; Reeve, 2006; Stroet et al., 2013).
Neuroeducation. Neuroeducation is an interdisciplinary field that unites research from
neuroscience and education for the purpose of understanding learning (Howard-Jones, 2010).
With roots in the early-2000s, neuroeducation is relatively new and may alternately be referred
to as educational neuroscience as well as mind, brain, and education (Thomas et al., 2018). This
field aims to bridge neuroscience and educational research using findings from the neuroscience
of learning to inform educational policy and practice as well as study how education changes the
brain (Thomas et al., 2018).
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Neuromyth. The term neuromyth was initially coined by neurosurgeon Alan Crockard in
the 1980s (Howard-Jones, 2014). In 2002, the term was redefined by the Brain and Learning
project of the Organization for Economic Cooperation and Development [OECD] as a
“misconception generated by a misunderstanding, a misreading, or a misquoting of facts
scientifically established (by brain research) to make a case for use of brain research in education
and other contexts” (p. 111).
Neuroplasticity. Neuroplasticity refers to the ability of the nervous system to adapt its
structure and function to meet the demands of changing environments and physiology, as well as
to accommodate learning from new experiences (Fuhrmann et al., 2015). The brain’s ability to
adapt and change underlies all learning. Adolescence is recognized as a period of heightened
neuroplasticity during which the brain undergoes reorganization, including axonal myelination
and synaptic pruning leading to improved efficiency of neural signaling (Blakemore et al., 2010;
Caballero et al., 2016; Gur & Gur, 2017; Juraska & Willing, 2017; Murty et al., 2016).
Neuroscience literacy. Neuroscience literacy refers to one’s knowledge of the brain
(Dekker et al., 2012). Measures of neuroscience literacy often include statements assessing
general knowledge of the brain (e.g., “we use our brains 24 hours a day”) and statements
requiring more detailed knowledge of the brain’s function (e.g., “information is stored in the
brain in a network of cells distributed throughout the brain”; Dekker et al., 2012, p. 8).
Pre-service educators. The intended participants for this study were undergraduate preservice teachers at a university in the southeastern United States. As future educators, these preservice teachers will work with pre-k, elementary, middle, or high school students. In
comparison to their colleagues in early childhood education and elementary school, pre-service
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secondary educators specialize within a content area (e.g., science, mathematics, social studies,
English, etc.).
Significance of the Study
The current study may have theoretical implications for integrating brain science research
with the literature on need supportive teaching and self-determination theory. Despite a focus on
how teachers can promote students’ basic psychological need satisfaction in recent research
(Jang et al., 2010; Reeve, 2006; Stroet et al., 2013), little attention has been given to the role of
brain development and its implications for autonomy-supportive, responsive teaching practices.
This study does not directly investigate the challenge of incorporating brain research with
educational research centered on need supportive teaching practices. Rather, it serves as an initial
step toward conceptualizing how this might be done and contributes to efforts seeking to bridge
neuroscience and education. The current study also has practical implications for teacher
education and professional development as well as the allocation of educational resources.
Improved understanding of neuroscience literacy and the prevalence of neuromyths among preservice teachers can assist efforts to improve teacher education by providing insight into preservice teachers’ knowledge of and misconceptions about the brain, motivational styles, and the
associations between knowledge of the brain and motivational style.
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Chapter Two: Review of the Literature
This chapter reviews extant work concerning the prevalence of neuromyths among preand in-service teachers, advancements in understanding and supporting brain development, and
teacher practices that support students’ psychological needs in school, including the adoption of
an autonomy-supportive motivational style. The review begins with a discussion of the purpose
of neuroeducation and challenges associated with integrating neuroscience and educational
research. Next, existing studies of neuromyth prevalence and neuroscientific literacy among preand in-service educators are summarized. Current understanding of brain development among
school-aged and adolescent students is discussed, including implications for supporting students’
cognitive and social-emotional development. Responsive teaching practices (i.e., need supportive
and autonomy-supportive teaching,) and their implications for learning are described and gaps in
the current literature are identified.
Neuroeducation
Following the “Decade of the Brain” in the 1990s, interest in applying knowledge from
neuroscience to educational practice prompted efforts at integrating the two; this resulted in the
establishment of a new field, neuroeducation (OECD, 2002, 2007; Thomas et al., 2018). Over the
past two decades, there have been further advancements in understanding brain development,
particularly during adolescence (Blakemore, 2018; Blakemore et al., 2010; Caballero et al.,
2016; Gur & Gur, 2017; Juraska & Willing, 2017; Murty et al., 2016; Spear, 2013), as well as
recognition that learning and brain functioning are influenced by environmental factors,
including the quality of the social context (Immordino-Yang et al., 2019; OECD, 2007).
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Improved understanding of the brain and its contributions to learning in school have potential
implications for educators. However, efforts to promote interdisciplinary collaboration between
neuroscience and education are hindered by several challenges (OECD, 2002, 2007; Thomas et
al., 2018; Varma et al., 2008), including the perpetuation of neuromyths among pre- and inservice educators (Dekker et al., 2012; Dündar & Gündüz, 2016; Ferrero et al., 2016; HowardJones et al., 2009; Papadatou-Pastou et al., 2017; van Dijk & Lane, 2018).
Neuroeducation (a.k.a., educational neuroscience or mind, brain, and education) is an
interdisciplinary field that integrates neuroscience and educational research for the purpose of
understanding learning (Howard-Jones, 2010; Thomas et al., 2018). Specific aims include using
findings from the neuroscience of learning to inform educational policy and practice, studying
how education changes the brain, and addressing educators’ misunderstandings about the brain
(Howard-Jones, 2010; Thomas et al., 2018). A strength of this approach is the potential to
address limitations of the longstanding relationship between education and psychology (Thomas
et al., 2018). Psychology often relies upon computer and machine metaphors to explain learning
in the brain, but these metaphors tend to oversimplify the complicated nature of the human brain.
Unlike machines and computers, human learning is complex; it goes beyond simple inputs and
outputs and is vulnerable to influences like stress and anxiety (Thomas et al., 2018). Utilizing
more precise findings from neuroscience can provide educators with insight into aspects of
learning that do not readily translate beyond explanations situated within the brain (Thomas et
al., 2018). Support for this idea is found in the recently published International Handbook of
Middle Level Education Theory, Research, and Policy, which argues that forming connections
between psychology, cognitive neuroscience, and educational pedagogy contributes to the
creation of productive and effective learning environments in middle and high school (Daniels,
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2020). Learning contexts established by teachers and influenced by their orientations toward
autonomy-supportive or controlling styles have the potential to influence student motivation and
cognitive development (Daniels, 2020; Reeve, 2006). Understanding brain development is
necessary for educators as they guide students during the critical transition from childhood to
adulthood (Daniels, 2020).
Research suggests enthusiasm among in-service educators about the potential for
neuroscience to improve educational practice (Bailey et al., 2018; Karakus et al., 2015; OECD,
2002; Papadatou-Pastou et al., 2017; Pickering & Howard-Jones, 2007; Rato et al., 2013; Serpati
& Loughan, 2012; Zhang et al., 2019). Teachers in the United Kingdom report that knowledge of
the brain may be useful for educational decision-making, especially with regard to instructional
design and delivery (Pickering & Howard-Jones, 2007). American educators agree that it is
important to understand neurological mechanisms for learning, cognition, and behavior (Serpati
& Loughan, 2012). Teachers’ openness to neuroscience and recognition of its potential to inform
classroom practice is a good sign for advocates of neuroeducation, who stress the need to include
teachers’ perspectives in neuro-educational research (Busso & Pollack, 2014; Daniels, 2020;
Pickering & Howard-Jones, 2007; Serpati & Loughan, 2012).
Despite teachers’ enthusiasm for the potential of neuroscience to improve educational
practice, there are challenges to meaningfully integrating these fields. Skeptics in educational
and neuroscience research doubt the usefulness and validity of applying neuroscience to
classroom settings (Thomas et al., 2018; Varma et al., 2008). Existing evidence suggests that
neuromyths inform teachers’ practices (Lethaby & Harries, 2016; Rato et al., 2013; Ruhaak &
Cook, 2019; Sarrasin et al., 2019; Tardif et al., 2015) and that teachers often continue to endorse
instructional practices they consider effective, regardless of research findings to the contrary
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(Pickering & Howard-Jones, 2007). Making findings from neuroscience accessible to teachers is
difficult as many teachers lack the time, opportunity, and expertise to regularly read peerreviewed journals (Pickering & Howard-Jones, 2007). Thus, there is a need to find more efficient
and effective means for educating teachers about the brain in order to promote understanding of
brain development and overturn misconceptions, including neuromyths.
Neuromyths and Neuroscience Literacy
To identify existing research investigating teachers’ endorsements of neuromyths, a
search was conducted across three electronic databases (i.e., GoogleScholar, PsychInfo, and
EBSCO) using the following search terms: neuromyths, neuromyth prevalence, and education.
No studies of neuromyth prevalence among educators were identified prior to 2009; all research
published before October 2019 focusing on pre- and in-service teachers was considered, with
research from other fields (e.g., mental health or counseling) excluded. One article investigating
music teachers was excluded due to an emphasis on music-specific neuromyths (e.g., “Music
education improves one’s performance in calculus significantly;” Düvel et al., 2017, p. 6). Based
on these criteria, 21 studies were selected for inclusion in this review.
Measuring neuromyth prevalence and neuroscience literacy. The first study of
neuromyth prevalence among educators identified was from an investigation of pre-service
teachers in England conducted by Howard-Jones and colleagues in 2009. The researchers (2009)
adapted an existing questionnaire used to survey neuroscience literacy among the general public
in Brazil (Herculano-Houzel, 2002). The adapted survey consisted of 38 statements, including 15
neuromyths, 16 general knowledge statements about the brain, and seven statements of
subjective opinion (Howard-Jones et al., 2009). This questionnaire was later refined by Dekker
and colleagues (2012) to include 15 neuromyths and 17 general knowledge statements. All 21
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neuromyth studies included in this review cite measures used by Howard-Jones et al. (2009)
and/or Dekker et al. (2012) as the basis for their measures of neuromyth endorsement and
neuroscience literacy. Recently, van Dijk and Lane (2018) validated one of these measures, the
Brain in Education (Appendix C), through a process including analyses by methodological and
content experts.
Neuromyth studies frequently include measures of neuroscience literacy. Studying
neuroscience literacy and neuromyths together helps researchers to better understand what
teachers know and how they think about the brain (Howard-Jones et al., 2009). Further,
neuromyths and neuroscience literacy are interrelated, the former describing one’s
misconceptions about the brain, and the latter describing one’s knowledge of the brain.
Neuroscience literacy is comprised of general knowledge of neuroscience (e.g., “We use our
brains 24 h a day”) and items related to learning and education (e.g., “Learning occurs through
changes to the connections between brain cells”; Macdonald et al., 2017).
Although many teachers lack formal training in neuroscience, they have an understanding
of the brain influenced by their own experiences and education (Howard-Jones et al., 2009). This
informal knowledge of the brain may contribute to the development of misconceptions and the
perpetuation of neuromyths among educators (Dündar & Gündüz, 2016). Understanding the
relation between general knowledge of the brain and susceptibility to neuromyths may inform
interventions aimed at combating neuromyth endorsement among educators and improving
teachers’ understanding of brain functioning and development (Dekker et al., 2012; Dündar &
Gündüz, 2016; Ferrero et al., 2016). It is also important to gauge teachers’ knowledge of
neuroscience when translating information from neuroscience to education as lack of expertise is
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considered a potential factor in the spread of misinformation about the brain (Dekker et al., 2012;
Dündar & Gündüz, 2016).
Prevalent neuromyths. Recently, Macdonald and colleagues (2017) conducted an
exploratory factor analysis of a 32-item measure of neuromyths and neuroscience literacy in
order to examine relations among the survey items. Their analysis revealed one strong factor
(eigenvalue = 4.34, factor loadings > 0.35) for seven neuromyths, which they deemed “classic”
neuromyths (Macdonald et al., 2017). These “classic” neuromyths are identified in Table 1. It is
worth noting that two of the “classic” neuromyths identified by Macdonald et al. (2017) do not
appear on the measure created by Dekker et al. (2012) and were specifically added due to their
prominence in the United States.
Table 1
Seven “Classic” Neuromyths
1. Individuals learn better when they receive information in their preferred learning style.
2. Children have learning styles that are dominated by particular senses.
3. A common sign of dyslexia is seeing letters backwards.*
4. Listening to classical music increases children’s reasoning ability.*
5. Children are less attentive after consuming sugary drinks and/or snacks.
6. Some of us are “left-brained” and some are “right-brained,” and this helps explain
differences in learning.
7. We only use 10% of our brain.
Note: Asterisk (*) designates neuromyths identified by Macdonald et al. (2017) as prominent
in the United States.
Within the research reviewed, three of the most widely endorsed neuromyths are: (1)
individuals learn better when they receive information in their preferred learning style (e.g.,
auditory, visual, and kinesthetic are the three most commonly reported modalities); (2)
differences in hemispheric dominance (i.e., left brain, right brain) can help explain individual
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differences amongst learners; and (3) environments that are rich in stimulus improve the brains
of pre-school children (Dekker et al., 2012; Dündar & Gündüz, 2016; Ferrero et al., 2016; Pei et
al., 2015; van Dijk & Lane, 2018).
The learning styles myth. Given that neuromyths are misconceptions rooted in scientific
facts, they may seem valid on the surface. However, further probing often reveals that the facts
are misread or misapplied. The learning styles myth suggests that individuals demonstrate a
preference for learning visually, aurally, kinesthetically, or otherwise and that tailoring
instruction to align with these individual preferences results in more effective learning
(Kirschner, 2017; Newton & Miah, 2017). Although this may intuitively make sense, empirical
support is lacking for the idea that students learn better when information is presented in
accordance with their learning style preference (Cuevas, 2015; Kirschner, 2017; Newton &
Miah, 2017; Rohrer & Pashler, 2012). Learning styles tests demonstrate poor reliability and
predictive validity (Kirschner, 2017) and can contribute to an oversimplified view of the learning
process (Newton & Miah, 2017).
In 2009, a group of cognitive psychologists devised a protocol for verifying the efficacy
of learning styles-based instruction (Cuevas, 2015). Calling for rigorous study of the
effectiveness of matching instruction with learning style preferences, the group suggested
looking for interaction effects (Cuevas, 2015). A recent study of 136 fifth grade students tested
for such an interaction between learning style preference (i.e., auditory or visual) and modality of
instruction (i.e., listening or reading; Rogowsky et al., 2020). Students’ learning styles were
assessed using the Learning Style: The Clue to You! (LSCY) learning styles inventory. Then,
students were presented with material from the Listening Aptitude Test and/or Reading Aptitude
Test forms of the Gates MacGinitie Reading Test. All students were assessed using text-based
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questions so that only the instructional style varied. Some students received instruction in their
preferred style and some students received instruction in both formats. This study found that
68% of the student participants lacked a strong learning style preference and that matching
instruction to meet students’ learning style preferences had no effect on their performance for the
comprehension assessment (Rogowsky et al., 2020). A review of 31 additional learning styles
studies conducted between 2009 and 2015 found that much of the learning styles research is
published in predatory journals and that studies with a rigorous design fail to demonstrate
support for the effectiveness of aligning instruction with learning style preferences (Cuevas,
2015).
The hemisphere dominance myth. Another popular neuromyth relates to hemispheric
dominance. Specifically, that learners tend to be right- or left-brain dominant accompanied by
differences in creativity, logic, and verbal and mathematical reasoning, to name a few (Hines,
1987). The myth of hemisphere dominance was debunked more than three decades ago, yet it
persists among educators and within the general population (Dekker et al., 2012; Dündar &
Gündüz, 2016; Ferrero et al., 2016; Lindell & Kidd, 2011; Pei et al., 2015; van Dijk & Lane,
2018). Belief in this myth has led to the proliferation of “whole brain” learning programs and
other efforts to train the left or right brain (Allen & van der Zwan, 2019; Lindell & Kidd, 2011).
However, despite the division of the brain into two hemispheres, most tasks require the right and
left brain to function together (OECD, 2002). While individual aptitude for creative or analytical
thinking may vary, there is no evidence linking these abilities to the dominance of the left
hemisphere over the right or vice versa (Allen & van der Zwan, 2019). Like the learning styles
myth, the theory of hemisphere dominance lacks empirical evidence.
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The enriched environments myth. Research emphasizing the importance of brain
development during the first three years of life underlies the myth that stimulus-enriched
environments improve the brains of pre-school children. This myth has several flaws, including
the value-laden nature of the term enriched, the misapplication of evidence from rodent studies
to humans, and misunderstandings related to critical periods for learning (Bruer, 1998; OECD,
2002). While neuroscientists describe laboratory settings that simulate the natural environment as
complex, educational researchers are prone to use the term enriched (Bruer, 1998). Enriched
environments are typified by bourgeoise values such as “Mozart, piano lessons, [and] playing
chess,” in contrast to deprived environments, which lack refined forms of engagement (Bruer,
1998, p. 18). However, learning environments need not be refined in order to be complex; Bruer
(1998) warns against using “neuroscience to provide biological pseudo-argument in favor of our
culture and our political values and prejudices” (p. 18).
Another concern is the application of findings from rodent studies to human subjects.
Laboratory studies in rats show that rats raised in complex, social environments demonstrate
greater synaptic connectivity than rats raised in sparse, isolated environments (Green et al.,
1983). Frequently, this finding is cited as a 25% increase in brain connectivity for rats in
complex environments, despite the fact that synaptic increases were found in some areas of the
rat brain and not the brain as a whole (Bruer, 1998; Green et al., 1983). Extending these findings
from rats to children is a leap too far. Suggestions that educational intervention will be most
effective when aligned with synaptogenesis and claims that “enriched environments” increase
synaptic density, conferring greater intelligence are misguided and extend beyond the available
evidence (OECD, 2002).
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Finally, much of the emphasis on the first three years of development is driven by a
desire to maximize learning during an age associated with critical periods for particular aspects
of development (Bruer, 1998; OECD, 2002). For instance, research on vision and language
development during the first three years suggests that the brain displays experience-expectant
plasticity, which underlies the development of visual acuity and depth perception, as well as
phonological learning (Bruer, 1998). In essence, the brain expects exposure to stimuli that will
contribute to visual and language learning and is organized to receive this information during this
time; if a child is not exposed to appropriate stimuli, then the window of opportunity for such
learning may close, limiting their future visual and linguistic potential (Bruer, 1998). However,
critical periods are complex and domain specific. Suggesting that any one ability has a single
critical period oversimplifies the situation and expands the notion of critical periods beyond
specific skills and abilities (Bruer, 1998). Currently, there is no evidence to support the idea that
socially transmitted skills, like reading, math, or music, are subject to critical periods, as people
can acquire and improve these skills at any age (Bruer, 1998). It may be appropriate to discuss
aspects of learning as subject to sensitive periods—windows of opportunity in which the brain is
primed for certain kinds of learning, but not exclusively—rather than critical periods, which are
more rigid and absolute (Voss, 2013). Although early educational experiences are important,
sensitive periods for learning extend beyond the first three years of life, underlying the need to
provide educational support for development at appropriate times across the lifespan (OECD,
2002). These findings do not condemn the aim of early education programs but call into question
the neuroscientific basis for claims that enriched environments serve to improve brain function
or intelligence among pre-school children (OECD, 2002).
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Research investigating educators’ neuromyths and neuroscience literacy. As
previously mentioned, all of the studies included in this review used measures adapted from the
work of Howard-Jones et al. (2009) and/or Dekker et al. (2012). However, there is variability
between studies concerning the number of items used to assess neuromyths and neuroscience
literacy, the response categories included in the surveys, the format of the results, and the amount
of detail provided when describing the population. These differences, discussed in this section,
are an obstacle to directly comparing neuromyth studies.
Length of survey or questionnaire. Measures range from a concise focus on three
neuromyths (Tardif et al., 2015) to a more extensive 70-item questionnaire (Papadatou-Pastou et
al., 2017). However, the total survey length for nine of the 21 studies was between 31 and 33
statements combining neuromyths and neuroscience literacy.
Response categories. Studies varied in the response categories available to participants.
Four studies utilized Likert scales ranging from 4 to 7 points, from strongly/totally agree to
strongly/totally disagree (Grospietsch & Mayer, 2019; Sarrasin et al., 2019; Tardif et al., 2015;
Zhang et al., 2019). Five studies used categories relating to agree, disagree, and do not know or
neither agree nor disagree (Deligiannidi & Howard-Jones, 2015; Howard-Jones et al., 2009;
Lethaby & Harries, 2016; Pei et al., 2015; van Dijk & Lane, 2018). Nine studies used categories
including correct, incorrect or wrong, and do not know, uncertain, or no idea (Bailey et al.,
2018; Canbulat & Kiriktas, 2017; Dekker et al., 2012; Ferrero et al., 2016; Gleichgerrcht et al.,
2015; Karakus et al., 2015; Kim & Sankey, 2018; Papadatou-Pastou et al., 2017; Rato et al.,
2013). One study had participants select their responses from yes, no, and don’t know (Dündar &
Gündüz, 2016). One study had participants select responses from accurate, inaccurate, and do
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not know (Ruhaak & Cook, 2018) and one study used true and false for response categories
(Macdonald et al., 2017).
Format of results. Twelve studies reported an overall average score reflecting the
percentage or number of neuromyths endorsed and/or the overall neuroscience literacy of the
sample studied, often in addition to averages for each neuromyth and/or general knowledge
statement. However, nine studies reported averages for each statement and neglected to report
group averages for the sample as a whole. For instance, Dekker et al. (2012) reported that on
average, English teachers endorsed 49% of neuromyths and correctly answered 67% of the
general knowledge statements. Zhang et al. (2019) presented response averages for each of 40
statements but did not report an overall score for neuromyth endorsement or neuroscience
literacy.
Populations studied. Neuromyths have been documented among educators across various
subject areas and educational levels throughout the world. Evidence of neuromyth endorsement
has been found in pre- and in-service educators throughout European and Western nations,
including England and the Netherlands (Dekker et al, 2012), Greece (Papadatou-Pastou et al.,
2017), Australia (Kim & Sankey, 2018), the United States (Macdonald et al., 2017; Ruhaak &
Cook, 2018; van Dijk & Lane, 2018), and Canada (Lethaby & Harries, 2016; Sarrasin et al.,
2019). Studies have also demonstrated neuromyths in pre- and in-service teachers throughout
Latin America (Gleicherrcht et al., 2015), Turkey (Dündar & Gündüz, 2016), and China (Pei et
al., 2015).
Neuromyth studies have sampled a diverse field of educators, including pre- and inservice teachers; preschool, primary, secondary, and postsecondary educators; and specialized
groups such as vocational teachers, coaches, adult educators, teaching assistants, headmasters,
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administrators, and employees of the department of education. Studies have targeted teachers
with an interest in neuroscience (Dekker et al., 2012) and teachers who work within specific
subject areas like biology (Grospietsch & Mayer, 2019), math (Dündar & Gündüz, 2016), and
English/Language Arts (Lethaby & Harries, 2016). Of the 21 studies selected for review, thirteen
had mixed samples with teachers ranging from pre-school through postsecondary education.
Among these studies, some disaggregated results by level (i.e., primary, secondary, etc.), but this
was not the case for all of the studies. Four studies combined pre- and in-service teachers,
whereas ten sampled only in-service teachers and six sampled only pre-service teachers. One
study conducted examined only headmasters in pre-, primary, and secondary schools in China
(Zhang et al., 2019). Regarding racial diversity, studies conducted in more heterogenous nations,
like the United States and Canada, have indicated that the sample is reflective of the overall
population of teachers (Lethaby & Harries, 2016; van Dijk & Lane, 2018). This typically skews
the sample toward White, female educators.
The diversity of educators included in neuromyth studies is both an asset and a limitation.
As a combined data set, there is rich detail for teachers across varying locations, subject areas,
years of experience, grade level, and within schools of varying socioeconomic status. However,
methodological differences between studies make comparison difficult and the sample size for
certain groups within studies is relatively small (e.g., 34 pre-service teachers; van Dijk & Lane,
2018) or represent a narrow segment of the teaching population (e.g., special education).
Three Studies in the United States. As of September 2019, four neuromyth studies have
been conducted with educators in the United States. One of these studies (Macdonald et al.,
2017) compared neuromyth prevalence among educators, the general public, and individuals
with high exposure to neuroscience. Two studies focused specifically on educators in the United

31

States (Ruhaak & Cook, 2019; van Dijk & Lane, 2018) and one study included a multi-national
sample of educators from the United States and Canada (Lethaby & Harries, 2016). Macdonald
and colleagues (2017) used data sourced online via a website (i.e., TestMyBrain.org), collecting
more than 17,000 responses worldwide. Although the authors took efforts to ensure data
integrity, educators were self-identified and were not the sole focus of the study. For this reason,
only the three studies that focused exclusively on educators are described below (Lethaby &
Harries, 2016; Ruhaak & Cook, 2019; van Dijk & Lane, 2018).
Study One. Lethaby and Harries (2016) investigated beliefs about the brain in a study of
English/Language Arts teachers in the United States and Canada (N = 128). The researchers
indicated that most of the participants worked with adult learners but failed to specify whether
this was in a post-secondary or adult education setting. Participants were recruited from a
TESOL training course. For this study, teacher participants were a convenience sample selected
because they were certified teachers and, as trainers for the TESOL program, the authors had
access to them. The authors disclosed that one or both of them had trained several of the
participants. No further details about the participants, including the specific number of
participants from the United States or Canada, were provided.
Lethaby and Harries (2016) used a nine-item measure including six neuromyths and three
general statements about the brain to assess neuromyth endorsement within their sample. In a
comparison with teacher samples from five other nations (i.e., China, Greece, Turkey, the
Netherlands, and the UK), the teachers in this study demonstrated lesser endorsement of the six
neuromyths assessed and displayed a similar pattern regarding which neuromyths were most
strongly endorsed (e.g., the learning styles myth; Lethaby & Harries, 2016). Although
endorsement of neuromyths was less prevalent among teachers in this study, the percentage of
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teachers who agreed with many of the neuromyths was still relatively high (e.g., 88.28% agreed
with the learning styles myth and 65.63% agreed with the hemisphere dominance myth; Lethaby
& Harries, 2016). In addition, a high percentage of teachers in this study (91%) reported that
their teaching is influenced by their belief in neuromyths.
These findings corroborate previous research indicating the widespread belief in
particular neuromyths and suggest that neuromyth endorsement influences teaching practices.
However, the findings have limited generalizability due to the small sample size and the focus on
English language teachers from a TESOL training course. In addition, Lethaby and Harries
(2016) report that the majority of their sample was comprised of teachers who work with adult
learners, suggesting that this group possibly differs from primary and secondary teachers.
Study Two. Ruhaak and Cook (2019) conducted a mixed-method investigation of
neuromyths among pre-service special education teachers in the United States (N = 129).
Participants were recruited via email from 29 universities and were predominantly located in
Kentucky, Ohio, and Hawai’i. Fifty-three percent of the participants were pre-service initial
licensure teachers in special education and the remaining 47 percent were in dual preparation
programs. No further details about participants were provided.
Ruhaak and Cook (2019) adapted the survey used by Dekker and colleagues (2012),
which includes 10 neuromyths and 15 general statements about the brain and added a section
addressing 12 teacher practices, including four effective practices and eight neuromyth-based
practices. Finally, the researchers conducted six semi-structured interviews. Interview
participants were the six individuals who replied affirmatively to e-mail invitations after
providing contact information during completion of the survey. Interviews were conducted via
phone and internet. The authors did not specify if internet interviews used a video or text format.
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Interviews were aimed at understanding the foundations of participants’ beliefs in neuromyths
and rationales for adopting teaching practices based upon neuromyths. For neuromyths,
participants’ responses were accurate for 35.6% of the statements and inaccurate for 34.8% of
the statements, with an additional 28.8% of participants responding, “do not know” (Ruhaak &
Cook, 2019). For general statements about the brain, participants’ responses were accurate for
62.5% of the statements and inaccurate for 11.5% of the statements, with an additional 24.5% of
participants responding, “do not know” (Ruhaak & Cook, 2019). Regarding the 12 teacher
practices, two of the top six practices teachers selected for classroom implementation were
neuromyths, while the other four were designated effective practices. The two neuromyth-based
practices were learning styles modality training (endorsed by 60% of teachers) and teaching to
multiple intelligences (endorsed by 44% of teachers). In cognitive interviews, participants
indicated that their beliefs in neuromyths had been informed by classmates, mentor teachers, and
teacher preparation programs (Ruhaak & Cook, 2019). Participants also suggested that their
teacher preparation programs had not adequately prepared them to identify neuromyths and, in
some instances, that neuromyth practices were promoted by their teacher mentors and teacher
education programs (Ruhaak & Cook, 2019).
The findings of this study align with and extend prior research. The means for neuromyth
endorsement and neuroscience literacy were similar to other studies (Bailey et al., 2018; Dekker
et al., 2012; Ferrero et al., 2016; van Dijk & Lane, 2018). Evidence that pre-service teachers
endorse certain neuromyth-based practices serves to extend research in neuromyths to teacher
practice and the suggestion that neuromyths are largely perpetuated by teacher mentors and
teacher training programs is troubling. The findings of this study are strengthened by the use of
multiple methods. However, the use of a small sample comprised entirely of pre-service special
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education teachers limits the generalizability of the findings. In addition, the correlational design
limits the ability to determine a causal relation between teacher education programs and preservice teachers’ beliefs in neuromyths.
Study Three. van Dijk and Lane (2018) examined the prevalence of neuromyths in a
sample (N = 169) including 63 in-service teachers, 34 pre-service teachers, 39 higher education
faculty, and 33 educational leaders (i.e., administrators, employees of state and local education
agencies, and employees of the department of education). Within this sample, 78 participants
were identified as general educators, 83 were identified as special educators, and 8 were
identified as “other.” The authors also provided a racial breakdown and means for age,
experience and experience in current position.
As a part of their study, van Dijk and Lane (2018) validated a measure of neuromyths and
neuroscience literacy, the Brain in Education, which is comprised of items used in prior research,
especially that of Dekker and colleagues (2012). The Brain in Education includes 15 neuromyths
and 18 general statements about the brain. Participants correctly identified 36% of the
neuromyths and responded correctly to 64% of the factual statements, on average (van Dijk &
Lane, 2018). A significant moderate, positive correlation was found between the percentage of
myths and facts correctly identified (r = .31), suggesting that participants who identified more of
the general facts about the brain also identified more of the neuromyths. van Dijk and Lane
(2018) also found neuromyth endorsement to be significantly lower among higher education
faculty (p < 0.001) than among the other groups surveyed.
van Dijk and Lane (2018) reported similar findings to the studies above and other studies
of neuromyth prevalence and neuroscience literacy. They also provided some evidence that
improved knowledge of the brain and experience in higher education are associated with lower
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neuromyth endorsement. The use of a snowball sampling method to recruit participants on social
media and the over-representation of special education teachers in the sample limit the
generalizability of the results in this study. Furthermore, the Brain in Education measure has a
Cronbach’s alpha of .60, demonstrating questionable internal consistency (personal
communication, October 28, 2019) and suggesting that further improvement and validation of
the measure would be beneficial.
Although two of these studies included pre-service teachers in their sample (Ruhaak &
Cook, 2019; van Dijk & Lane, 2018), one focused solely upon future special education teachers
(Ruhaak & Cook, 2019). The other (van Dijk & Lane, 2018) included 34 pre-service teachers
and made no further mention of what percentage were from special or general education,
whether they were future primary or secondary teachers, or if they were specialized in any
particular subject areas (e.g., math, science, music, etc.). It would be helpful for future research
to include a detailed description of study participants, including which level of education that
they seek to work in and whether or not they are specialized in a particular subject area.
Research by Lethaby and Harries (2016), Ruhaak and Cook (2019), and van Dijk and
Lane (2018) suggests that neuromyth endorsement among educators in the United States is
similar to the prevalence of neuromyth endorsement among educators abroad. These studies also
suggest that teachers’ endorsement of neuromyths may influence their teaching practices
(Lethaby & Harries, 2016; Ruhaak & Cook, 2019) and that teacher education programs may
contribute to the perpetuation of neuromyth beliefs (Ruhaak & Cook, 2019). However, the nonrepresentativeness of the samples (i.e., English language teachers and special education teachers)
limits the generalizability of these findings to other groups of educators. For this reason, there
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remains a need to investigate neuromyth prevalence and neuroscience literacy among American
pre-service educators, especially among educators who work with mainstream students.
Common findings. The 21 studies reviewed corroborate the widespread prevalence of
neuromyths among pre- and in-service teachers, with reliable endorsement of a few popular
neuromyths (Dekker et al., 2012; Dündar & Gündüz, 2016; Ferrero et al., 2016; Howard-Jones,
2014; Pei et al., 2015; van Dijk & Lane, 2018). Table 2 displays the rates of endorsement
reported for three of the most popular myths across different nations, providing evidence of the
widespread nature of popular neuromyths internationally. Studies were selected due to
similarities in their measures and to include cultural diversity. The samples include pre-service
teachers in Turkey (Dündar & Gündüz, 2016), in-service teachers in the United Kingdom
(Dekker et al., 2012), Latin America (Ferrero et al., 2016), and China (Pei et al., 2015), and a
combination of in-service teachers, pre-service teachers, and other educational stakeholders in
the United States (van Dijk & Lane, 2018).
Despite the pervasive endorsement of neuromyths among educators, none of the studies
reviewed reported an average below 50% for performance on neuroscience literacy. The lowest
reported average for pre-service teachers’ neuroscience literacy was 57.19% (England; HowardJones et al., 2009) and the highest reported average was 75.6% (Australia; Kim & Sankey, 2018)
Mean scores on neuroscience literacy for in-service educators had a similar range—the lowest
reported average was 56.5% among sports coaches in Ireland and the United Kingdom (Bailey et
al., 2018) and the highest reported average was 73% for in-service teachers in the Netherlands
(Dekker et al., 2012).
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Table 2
Prevalence of Three Popular Neuromyths as Reported in Select Studies

Popular Neuromyths

Percentage of Pre- or In-service Teachers Endorsing
Neuromyths by Nation
United
Latin
United
Turkey2
China4
1
3
Kingdom
America
States5

Individuals learn better when they
receive information in their preferred
learning style (e.g., auditory, visual,
kinesthetic).

93

97.6

91.1

97

63

Differences in hemispheric dominance
(i.e., left brain, right brain) can help
explain individual differences amongst
learners.

91

78.5

67.2

71

62

Environments that are rich in stimulus
improve the brains of pre-school
95
81.3
94
89
94
children.
Note: 1Dekker et al., 2012; 2Dündar & Gündüz, 2016; 3Ferrero et al., 2016; 4Pei et al., 2015;
5van Dijk & Lane, 2018
Predictors of neuromyths and neuroscience literacy. Several studies reported a positive
correlation between neuroscience literacy and neuromyth endorsement, indicating that teachers
with greater knowledge of the brain endorsed more neuromyths (Bailey et al., 2018; Dekker et
al., 2012; Ferrero et al., 2016; Gleichgerrcht et al., 2015; Kim & Sankey, 2018). However, three
studies found the opposite to be true, indicating that knowledge of the brain may serve as a
protective factor against neuromyth endorsement (Howard-Jones et al., 2009; Papadatou-Pastou
et al., 2017; van Dijk & Lane, 2018). One study reported no significant correlation between
neuroscience literacy and neuromyth endorsement (Zhang et al., 2019). Papadatou-Pastou and
colleagues (2017) suggested that a possible explanation for this discrepancy in findings is due to
sampling pre-service versus in-service teachers. Yet, a study including both pre- and in-service
teachers, van Dijk and Lane (2018) failed to find a significant difference between these two
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groups for neuroscience literacy or neuromyth endorsement. Given these mixed findings, the
relation between neuroscience literacy and neuromyth endorsement remains inconclusive.
Six studies reported no significant differences for neuromyth endorsement or
neuroscience literacy between primary and secondary educators (Canbulat & Kiriktas, 2017;
Dündar & Gündüz, 2016; Dekker et al., 2012; Gleichgerrcht et al., 2015; Karakus et al., 2015;
Rato et al., 2013). Additionally, many studies reported no significant differences for subject area
specialization (Canbulat & Kiriktas, 2017; Dekker et al., 2012; Karakus et al., 2015; Rato et al.,
2013), with the exception of one study, which found that pre-service science teachers in Turkey
were less likely to endorse neuromyths than pre-service teachers in other specializations (Dündar
& Gündüz, 2016). Finally, several studies reported no significant gender differences for
neuromyth endorsement or neuroscience literacy (Canbulat & Kiriktas, 2017; Dekker et al.,
2012; Gleichgerrcht et al., 2015; Karakus et al., 2015; Papadatou-Pastou et al., 2017; Rato et al.,
2013). Notable exceptions were three studies that determined women were more likely to
endorse neuromyths, including sports coaches in Ireland and the UK (Bailey et al., 2018),
Turkish pre-service teachers (Dündar & Gündüz, 2016), and Latin American teachers (Ferrero et
al., 2016) Finally, a study of Turkish teacher candidates (Canbulat & Kiriktis, 2017) found that
female teacher candidates were less likely to endorse neuromyths.
Differences in neuromyths and neuroscience literacy.
Position in education. Three studies found significant differences regarding teachers’
position in education (Gleichgerrcht et al., 2015; Sarrasin et al., 2019; van Dijk & Lane, 2018). A
study of 3,451 teachers in Latin America (i.e., Argentina, Chile, Peru, Mexico, Nicaragua,
Columbia, and Uruguay) reported that professors in higher education demonstrated greater
neuroscience literacy (p < .001) than pre-school, primary, and secondary educators, while
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endorsement of neuromyths was similar across levels (Gleichgerrcht et al., 2015). van Dijk and
Lane (2018) also found neuromyth endorsement to be significantly lower among higher
education faculty (p < 0.001) than among primary educators, secondary educators, and
educational leaders. A study of 972 pre-school (8%), primary (47%), and secondary (45%)
teachers in Quebec found that pre-school teachers were significantly more likely to endorse
neuromyths than primary (p = 0.046, d = 0.30) and secondary (p = 0.014, d = 0.40) teachers
(Sarrasin et al., 2019).
Level of experience. Studies investigating both pre-service and in-service teachers are
limited (Canbulat & Kiriktas, 2017; 1Macdonald et al., 2017; Tardif et al., 2015; van Dijk &
Lane, 2018). Further, methodological differences among studies comparing pre-and in-service
hinder direct comparisons between studies. Canbulat and Kiriktas (2017) surveyed 241 in-service
and 511 pre-service teachers in Turkey, using a 31-item measure of educational neuromyths. A
significant difference was found between the two groups (p < .05), demonstrating greater
awareness of the brain and learning among practicing educators. The authors did not distinguish
between facts and myths in their results or provide an indication of performance on neuromyth
items in comparison to items assessing neuroscience literacy.
Macdonald and colleagues (2017) conducted a study comparing neuromyth endorsement
among the general public, educators, and individuals with high neuroscience exposure using a
32-item survey. Significant differences were reported (p < 0.001) after covarying for age, gender,
and education between the three groups for neuromyth endorsement and neuroscience literacy.
Respondents from the general public endorsed significantly more neuromyths than teachers who
endorsed neuromyths at a significantly higher rate than individuals with high neuroscience
exposure. Following a similar pattern, the general public was significantly less accurate than
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teachers, who were significantly less accurate than individuals with high neuroscience exposure,
for the remaining measures assessing knowledge of the brain and learning. Macdonald et al.
(2017) did not compare pre-service to in-service teachers in their analysis.
Tardif and colleagues (2015) investigated neuromyths among Swiss in-service secondary
educators (15.56%), college teachers (20.14%), first year pre-service primary educators
(56.54%), and teacher trainers (7.78%) using a 3-item measure. The three myths investigated
were: (1) the Brain Gym myth (i.e., the idea that brief coordination exercises can improve
cognitive function), (2) the hemisphere dominance myth, and (3) the learning styles myth.
Preliminary analyses determined no significant difference between secondary and college
teachers. Before conducting ANCOVA analyses, in-service secondary educators, college
teachers, and teacher trainers were combined to form two groups: teachers and student teachers.
The Brain Gym myth was excluded from analyses because many participants were unaware of
the program. Teachers were found to be significantly more likely to endorse the hemisphere
dominance myth than student teachers (p < .01), with a moderate effect size (d = 0.42). Teachers
were also significantly more likely to endorse the learning styles myth than student teachers (p <
.05, d = 0.32).
van Dijk and Lane (2018) conducted a study of neuromyths and neuroscience literacy
among American educators, including in-service teachers (37%), pre-service teachers (20%),
higher education faculty (23%), and educational leaders (20%) using a 32-item measure. No
significant difference was found between groups for neuroscience literacy. Neuromyth
endorsement was found to be significantly lower among higher education faculty (p < .001) than
among the other groups surveyed. van Dijk and Lane (2018) also specified that while
respondents knew the majority of facts about the general structure and function of the brain (e.g.,
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90% agreed that we use our brains 24 hours a day), there was less accuracy for facts involving
detailed knowledge of the brain (e.g., 21% knew that the brain’s two hemispheres always work
together). This finding aligns with research conducted by Gleichgerrcht and colleagues (2015).
Methodological differences make it difficult to compare findings across existing studies.
Efforts should be made to replicate findings using the same measure across different teacher
populations in order to provide greater clarity into differences of neuromyth endorsement and
neuroscience literacy among educators and to draw firmer conclusions about sub-group
differences. A comparison of 21 studies using measures adapted from work by Howard-Jones et
al. (2009) and Dekker et al. (2012) can be found in Table 3, demonstrating the heterogeneity of
existing research.
Table 3
Comparison of Studies Investigating Neuromyths and Neuroscience Literacy
Location(s)
of Study

Sample

Measurement
Details
14 items:

Ireland and
United
Kingdom1

Turkey2

England and
Netherlands3

545 in-service 6 neuromyths,
sports coaches 8 general
knowledge
241 in-service
teachers; 511
pre-service
teachers
242 in-service
teachers and
pre-service,
special
education
teachers and
teaching
assistants

Response
Categories
Incorrect
Correct,
Do not
know
Correct,
Wrong,

31 items
(not disclosed)

32 items:

No idea

Incorrect,
15 neuromyths, Correct,
17 general
Do not
knowledge
know
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Summary of Results
(Group Averages)
Coaches endorsed 41.6% of
neuromyths and correctly
identified 56.6% of general
knowledge statements.
In-service teachers responded
correctly to 60.87% of the
statements and pre-service
teachers responded correctly to
53.87% of the statements.
Teachers endorsed 49% of
neuromyths with no significant
difference reported for teachers
in England and the Netherlands.
Dutch teachers scored higher
(73%) on general knowledge
statements than English teachers
(67%).

Table 3 (Continued)
Location(s)
of Study

Sample

Measurement
Details

Greece4

217 in-service
primary and
secondary
teachers

40 items:
15 correct and
16 incorrect
factual
statements,
9 subjective
statements

Turkey5

2,932 preservice
primary,
secondary
math, and
secondary
science
teachers

Response
Categories

Summary of Results
(Group Averages)

Agree,
Disagree,
Don’t
know

Did not report group averages.
The three most endorsed
neuromyths were the (1)
enriched environments myth
(97%), (2) learning styles myth
(97%), and (3) Brain Gym*
myth (72%).

59 items:
25 educational,
34 general
knowledge

Yes, No,
Don’t
know

Did not report group averages.
The three most endorsed
neuromyths were the (l) learning
styles myth (97.6%), (2)
enriched environments myth
(81.3%), and (3) hemisphere
dominance myth (78.5%).

Spain6

284 in-service
primary and
secondary
teachers

32 items:
12 neuromyths,
19 general
knowledge

Correct,
Incorrect,
Do not
know

Teachers endorsed 49.1% of
neuromyths and correctly
identified 62.29% of the general
statements.

Latin
America
(Argentina,
Chile, Peru,
Mexico,
Nicaragua,
Colombia,
and
Uruguay)7

3,451 inservice
primary,
secondary,
and higher
education
teachers

32 items:
12 neuromyths,
20 general
knowledge

Correct,
Incorrect,
Do not
know

Teachers endorsed 50.7% of the
neuromyths and correctly
identified 66.7% of the general
knowledge statements.

Germany8

4-point
Likert: 4 =
strongly
550 preagree; 3 =
service
22 items:
somewhat
secondary
11 neuromyths, agree; 2 =
science
11 general
somewhat
teachers
knowledge
disagree;
specializing in
biology
1=
strongly
disagree
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Did not report group averages.
The three most endorsed
neuromyths were the (1) learning
styles myth (93%), (2) Brain
Gym* myth (92%), and (3) the
brain works like a hard drive.
Information is stored at specific
locations (85%).

Table 3 (Continued)
Location(s)
of Study

Summary of Results
(Group Averages)

Measurement
Details

Response
Categories

England9

158 preservice
secondary
teachers

31 items:
15 neuromyths,
16 general
knowledge

Agree,
Disagree,
Don’t
know

Pre-service teachers endorsed
34.2% of neuromyth assertions
and correctly identified 57.19%
of the general knowledge
statements about the brain.

Turkey10

278 in-service
primary and
secondary
teachers

32 items:
15 neuromyths,
17 general
knowledge

Correct,
Incorrect,
Do not
know

Teachers endorsed 53.02% of
the neuromyths and responded
correctly to 56.9% of general
knowledge statements.

Australia11

1144 preservice
teachers

20 items:
5 neuromyths,
15 general
knowledge
statements

Correct or
Incorrect

49.8% of teachers endorsed all
five neuromyths and a further
31.0% endorsed four of the five
neuromyths. Teachers responded
correctly to 75.6% of the general
knowledge statements.

Canada and
United
States12

128 in-service
English/
Language
Arts teachers;
primarily
adult
education

9 items:
6 neuromyths
3 general
knowledge
statements

Agree,
Disagree,
Don’t
know

Did not report group averages.
The three most endorsed
neuromyths were the (1) learning
styles myth (88.28%), (2)
hemisphere dominance myth
(65.63%), and (3) Brain Gym*
myth (61.72%).

United
States13

598 selfidentified preand in-service
pre-school,
primary,
secondary,
and higher
education
teachers;
administrators
and other
stakeholders

32 items:
15 neuromyths, True,
17 general
False
knowledge
statements

Sample
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Educators endorsed 56% of the 7
neuromyths retained after factor
analysis and incorrectly
answered 21% of the remaining
25 statements.

Table 3 (Continued)
Location(s)
of Study

Sample

Greece14

573 preservice
teachers,
including
undergraduate
and graduate
students

China15

238 in-service
primary and
secondary
teachers

Measurement
Details
70 items:
22
neuromyths;
48 general
knowledge
statements

Response
Categories

Correct,
Incorrect,
Don’t
know

31 items:

Agree,
15 neuromyths, Disagree,
16 general
Don’t
knowledge
know
statements

8 items:

Portugal16

583 in-service
pre-school,
primary, and
secondary
teachers

25 items:

United
States17

129 preservice
special
education
teachers

6 neuromyths,
2 general
knowledge
statements

Correct,
Incorrect,
Uncertain

Summary of Results
(Group Averages)
Pre-service teachers endorsed
43.62% of the neuromyths. The
error score for pre-service
teachers on the general
knowledge statements was
21.06%.
Did not report group averages.
The three most endorsed
neuromyths were the (1) learning
styles myth (97%), (2) enriched
environments myth (89%), and
(3) Brain Gym* myth (84%).
Did not report group averages.
The three most endorsed
neuromyths were the (1) the
multiple intelligences myth**
(2) the learning styles myth, and
(3) hemisphere dominance myth.
[measure items and exact
percentages not provided]

Inaccurate, Pre-service special education
10 neuromyths, Accurate, teachers endorsed 34.8% of the
neuromyths and correctly
15 general
Do not
identified 62.5% of the general
knowledge
know
knowledge statements.
statements
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Table 3 (Continued)
Location(s)
of Study

Sample

Measurement
Details

Response
Categories

Summary of Results
(Group Averages)

5-point
Likert: 1 =
strongly
disagree;

Canada18

972 in-service
pre-school,
primary, and
secondary
teachers

10 items:
5 neuromyths,
5 general
knowledge
statements

Did not report group averages.
The three most endorsed
neuromyths were the (1) learning
styles myth (74%), (2) multiple
intelligences myth** (89%), and
3=
undecided; (3) hemisphere dominance myth
(57%).
4=
somewhat
agree; 5 =
strongly
agree
2=
somewhat
disagree;

Switzerland19

283 pre- and
in-service
primary,
secondary,
and higher
education
teachers

3 neuromyths

4-point
Likert
scale: 1=
totally
disagree; 2
=
somewhat
disagree; 3
=
somewhat
agree; 4 =
totally
agree

United
States20

213 preservice, inservice, and
higher
education
teachers and
educational
leaders
(admins,
DOE)

33 items:
15 neuromyths,
18 general
statements

Agree,
Neither
agree nor
disagree,
Disagree
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Did not report group averages.
Endorsement for each myth was,
as follows: (1) Brain Gym* myth
(88%), (2) learning styles myth
(87%), and (3) hemisphere
dominance myth (85%).

Respondents correctly disagreed
with 36% of the neuromyths and
correctly identified 64% of the
general knowledge statements.

Table 3 (Continued)
Location(s)
of Study

Sample

Measurement
Details

Response
Categories

Summary of Results
(Group Averages)

4-point
Likert
40 items:
Did not report group averages.
scale: 1 =
Endorsement for each myth was,
15 neuromyths, strongly
as follows: (1) learning styles
25 general
253
agree; 2 =
China21
(92.9%), 23) hemisphere
knowledge
of
Headmasters
agree; 3 =
dominance myth (85.8%), and
neuroscience
disagree;
(3) enriched environments myth
(GKN)
and 4 =
(84.6%).
statements
strongly
disagree
*The Brain Gym myth refers to the idea that brief coordination exercises can improve cognitive
function (Dekker et al, 2012; Sarrasin et al., 2019). **The multiple intelligences myth suggests
that students have an intelligence profile (e.g., musical, verbal, logical-mathematical, etc.) that
influences their learning (Sarrasin et al., 2019).
Note: 1Bailey et al., 2018; 2Canbulat & Kiriktas, 2017; 3Dekker et al., 2012; 4Deligiannidi &
Howard-Jones, 2015; 5Dündar & Gündüz, 2016; 6Ferrero et al., 2016; 7Gleichgerrcht et al., 2015;
8Grospietsch & Mayer, 2019; 9Howard-Jones et al., 2009; 10Karakus et al., 2015; 11Kim &
Sankey, 2018; 12Lethaby & Harries, 2016; 13Macdonald et al., 2017; 14Papadatou-Pastou et al.,
2017; 15 Pei et al., 2015; 16Rato et al., 2013; 17Ruhaak & Cook, 2018; 18Sarrasin et al., 2019;
19Tardif et al., 2015; 20van Dijk & Lane, 2018; 21Zhang et al., 2019
Cross-cultural differences. Teachers endorse neuromyths at similar rates across the
globe. However, cultural differences appear to have some influence on which neuromyths are
prevalent within a given culture (Deligiannidi & Howard-Jones, 2015; Ferrero et al., 2016;
Gleichgerrcht et al., 2015; Grospietsch & Mayer, 2019; Macdonald et al., 2017; Pei et al., 2015;
Van Dijk & Lane, 2018; Zhang et al., 2019). Grospietsch and Mayer (2019) compared the
endorsement of 11 neuromyths among teachers in Latin America, Turkey, England, and Greece
and found that three neuromyths were widely endorsed by teachers in each nation. These include
the learning styles myth, belief in the effectiveness of Brain Gym, and the idea that memories are
stored in specific locations of the brain, similar to a computer’s hard drive (Grospietsch &
Mayer, 2019). This suggests that there may be a core group of prevalent neuromyths whose
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endorsement transcends cultural differences (Grospietsch & Mayer, 2019). A meta-analysis
conducted by Ferrero et al. (2016) lends support to this idea, revealing some consistencies across
countries. In a comparison of seven studies using the same measures and procedure, Ferrero et al.
(2016) found that two neuromyths (i.e., the learning styles myth and the enriched environments
myth) were widely endorsed by teachers in Spain, the UK, the Netherlands, Greece, Turkey,
China, Peru, Argentina, Chile, and other Latin American nations (i.e., Mexico, Nicaragua,
Columbia, and Uruguay). Specifically, the learning styles myth was endorsed by 85.8 to 97.1%
of the teachers studied in these nations while the enriched environments myth was endorsed by
86.7 to 98.5% of the teachers in these nations, with the exception of the Netherlands (Dekker et
al., 2012), where only 56% of the teachers studied endorsed this myth (Ferrero et al., 2016). A
forest plot showing the pattern of results from the cross-cultural meta-analysis conducted by
Ferrero and colleagues (2016) can be found in Figure 1.
The meta-analysis conducted by Ferrero et al. (2016) concluded that 89.40% of the
variance found across the nations studied could be attributed to between-group differences (i.e.,
between countries). Two neuromyths were determined to demonstrate the greatest cross-cultural
variation. These include the idea that there are critical periods of learning after which some types
of learning become impossible (I2 = 98.84%) and the belief that it has been scientifically proven
that fatty acid supplements can improve academic performance (I2 = 98.80%). These myths were
most popular in Turkey and Peru, and least endorsed by teachers in China. In addition, Pei et al.
(2015) suggest that some cultural variation across studies may be an artifact of translation,
reflecting linguistic and cultural misunderstandings.
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Figure 1. Prevalence of 12 Neuromyths Across Different Countries (Ferrero, Garaizar, &
Vadillo, 2016)
Note: From the article “Neuromyths in Education: Prevalence Among Spanish Teachers and an
Exploration of Cross-cultural Variation” by M. Ferrero, P. Garaizar, and M. A. Vadillo, 2016,
Frontiers in Human Neuroscience, 10, p. 7. Creative Commons license: CC-BY. Reprinted with
permission.
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Studies conducted in Greece (Deligiannidi & Howard-Jones, 2015) and China (Zhang et
al., 2019) indicate that some cross-cultural variation may stem from philosophical differences
relating to the nature of the mind. For instance, Greek culture is characterized by high levels of
religiosity, influencing how Greek teachers think about the relationship between the mind and
the brain (Deligiannidi & Howard-Jones, 2015). In contrast, Chinese teachers who embrace the
philosophy of materialism strongly endorse the belief that environmental factors can influence
student achievement and mental abilities (Zhang et al., 2019). This may account for reduced
endorsement of the belief that there are critical periods of learning after which some types of
learning become impossible, as discussed above.
There is evidence that two neuromyths may be more prevalent in the United States than
elsewhere. A recent study by Macdonald et al. (2017) sought to compare neuromyth prevalence
among the general public, teachers, and individuals with high neuroscience exposure in the
United States. Although the researchers adapted a measure associated with Dekker and
colleagues (2012), two neuromyths were added, aligned with research suggesting that these
beliefs have strong support among Americans (Macdonald et al., 2017). These include an item
about the Mozart effect, stating “Listening to classical music increases children’s reasoning
ability” and an item about dyslexia, stating “A common sign of dyslexia is seeing letters
backwards.” Each of these neuromyths was endorsed by more than half of the educators who
participated in the study (N = 598; Macdonald et al., 2017), or 55% and 59%, respectively.
Supporting Brain Development
Neuroplasticity refers to the brain’s ability to change and adapt to experience and
underlies the process of learning (Fuhrmann et al., 2015). During particular sensitive periods, the
brain is especially sensitive to specific learning activities (OECD, 2007). Although the brain
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maintains plasticity across the lifespan, developmental periods associated with heightened
plasticity throughout childhood and adolescence are ideal for interventions aimed at improving
brain function and individual well-being (Dahl et al., 2018; Immordino-Yang et al., 2019).
Recent research suggests that socially triggered epigenetic factors (i.e., intellectual opportunities,
social relationships, emotional contexts) influence individual trajectories of brain development
(Immordino-Yang et al., 2019). Heightened plasticity coupled with the potential for
environmental influence over developmental trajectories has implications for supporting brain
development in school and establishes a critical role for educators in directing and supporting
students’ brain development. The following section discusses brain development with particular
emphasis on adolescence, due to recent advancement in understanding of brain development
during this key developmental period.
Early childhood has long been recognized as a period of intellectual growth, while less
attention has been paid to brain development among school-aged children and adolescents
(Morita et al., 2016). However, modern imaging technology permits greater insight into changes
in the brain over time, demonstrating different patterns of brain activity throughout infancy,
childhood, adolescence, and adulthood (OECD, 2007; Morita et al., 2016). Even as children
acquire adult-level skills, the whole brain continues to develop along a protracted trajectory with
patterns of brain activity differing between children and adults for the same task (Morita et al.,
2016). Evidence from neuroimaging data from the National Institute of Health (NIH) Magnetic
Resonance Imaging (MRI) Study of Normal Brain Development shows that children improve
dramatically on neurocognitive tasks measuring basic information processing (i.e., coding, digit
span, and spatial span) between the ages of six and ten (Waber et al., 2007). Further, despite
evidence of mentalizing abilities, such as theory of mind, around age 4 or 5, imaging studies
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show that brain circuitry underlying mentalizing processes continues to develop and refine over
the next several years (Morita et al., 2016). Networks involved in high-order cognitive
functioning also increase in connectivity and functional maturation across childhood and
adolescence, before reaching maturity in adulthood (Morita et al., 2016).
Executive function is a multidimensional cognitive capacity affected by maturation and
experience that includes attentional regulation, planning, reasoning, problem-solving, impulse
control, working memory, and cognitive flexibility (Anthony & Ogg, 2020; Diamond & Lee,
2011). Collectively, executive functioning may influence students’ motivation, engagement, and
attention in the classroom (Anthony & Ogg, 2020) as well as their capacity to demonstrate selfcontrol (Diamond & Lee, 2011). These behaviors are associated with academic success and
positive outcomes later in life (Anthony & Ogg, 2020; Diamond & Lee, 2011). Importantly,
executive functioning is malleable and teacher-led interventions, such as mindfulness training,
aerobic activity, and specialized programs and curricula, have been shown to improve students’
executive functioning (Diamond & Lee, 2011).
The adolescent brain. The protracted maturation of the adolescent brain underlies
changes in brain structure, function, and behavior (Blakemore et al., 2010; Caballero et al., 2016;
Gur & Gur, 2017; Guyer et al., 2018; Juraska & Willing, 2017), paving the way for the
development of adult-like reasoning, cognitive control, understanding of complex social
situations, and emotional regulation. Rather than simply growing in size or number of
connections, the adolescent brain undergoes a process of refinement involving the generation of
new connections and the pruning and reorganization of existing connections, improving the
brain’s efficiency (Immordino-Yang et al., 2019). Experiences are a primary determinant of
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which connections are strengthened and which are pruned away, suggesting an opportunity for
educators to guide and support this process (Guyer et al., 2018; Immordino-Yang et al., 2019).
Neuroplasticity. Growing evidence suggests that structural and functional changes to the
brain during adolescence are the result of heightened neuroplasticity (Blakemore et al., 2010;
Fuhrmann et al., 2015; Piekarski et al., 2017). In addition to the experience-dependent plasticity
that underlies learning at all ages, adolescents also exhibit experience-expectant plasticity,
defined as a predisposition toward particular stimuli at specific times (Fuhrmann et al., 2015).
Experience-expectant plasticity helps to explain the tendency for adolescents to respond
differently than children or adults to some stimuli (Fuhrmann et al., 2015). Examples include
adolescents’ heightened sensitivity to rewards (van Duijvenvoorde et al., 2016) and peer
influence (Blakemore, 2018; Knoll et al., 2015). Given its role in learning, increased
neuroplasticity during adolescence is of great significance to educators. The heightened ability of
the adolescent brain to prune and forge new connections establishes a remarkable opportunity for
educators to direct students’ school experiences toward the strengthening of brain networks
important for healthy cognitive and social-emotional functioning (Immordino-Yang et al., 2019).
Cognitive development. Cognitive development runs parallel to brain development, as
each contributes to the other (Immordino-Yang et al., 2019). Among the most significant
developments within the adolescent brain is the maturation of executive functioning, which
contributes to gradual improvements in cognitive control, decision-making, inhibition, and
working memory (Caballero et al., 2016; Gur & Gur, 2017; Juraska & Willing, 2017). Working
memory pays a central role in information processing due to its involvement in the maintenance
and manipulation of memory over short periods of time (Gur & Gur, 2017). Listening to and
following directions, making connections between new and well-learned material, participating
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in class discussions, comprehending text, solving equations, and monitoring progress are skills
that rely upon effective working memory (Prince & Gifford, 2016). Thus, working memory
proficiency is critical to students’ cognitive functioning in school. Cognitive development during
adolescence also yields improvements in the ability to focus attention and ignore extraneous or
distracting information as well as better impulse control and emotional regulation (ImmordinoYang et al., 2019).
Changes in adolescent executive function are attributed to structural reorganization
within the prefrontal cortex (PFC) and increased connectivity between the PFC and other regions
of the frontal lobes, like the hippocampus (Caballero et al., 2016; Juraska & Willing, 2017).
Strengthened connectivity between the hippocampus, a structure involved in memory
consolidation, and the PFC improves adolescents’ ability to cognitively integrate and organize
their experiences (Murty et al., 2016). Consequently, adolescents demonstrate improved
cognitive flexibility and a greater capacity to generalize prior learning to new situations (Murty
et al., 2016). Combined with the drive to seek out novel experiences, these factors provide a
neurological basis for exploratory learning during adolescence, which accumulates over time to
aid in decision-making (Romer et al., 2017). However, it is important to emphasize that cognitive
maturation occurs gradually over the course of adolescence and into the second decade of life.
Therefore, adolescent students may display a range of cognitive abilities across middle and high
school, with some students requiring greater support than others, especially for tasks involving
self-regulation, such as impulse control, planning, and organization (Hodgkinson & Parks, 2016).
Gender and pubertal status are further determinates of brain maturation, with girls tending to
begin puberty earlier and to show signs of cognitive maturation earlier than boys (Blakemore et
al.; 2010; Gur & Gur, 2017).
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Social-emotional development. Surging pubertal hormones and an immature PFC can
result in emotional volatility during adolescence, making this developmental phase a period of
“high horsepower, poor steering” (OECD, 2007, p. 2). Over the course of adolescence, changes
to connections among the PFC, anterior cingulate cortex, and other structures associated with
social-cognitive processes, improve students’ capacities for mentalizing, social learning, and
self-appraisal (Guyer et al., 2016; Kilford et al., 2016). Meanwhile, improved perspective taking
contributes to greater social competence as insight into the thoughts and behaviors of others
facilitates pro-social behavior, such as demonstrating empathy (Guyer et al., 2016; Kilford et al.,
2016). This period of social development is also associated with heightened risk-taking,
sensation-seeking, and sensitivity to reward, especially in the presence of peers (van
Duijvenvoorde et al., 2016). Many characteristic behaviors of adolescence are influenced by the
social environment. For instance, adolescent engagement in risky behavior is moderated by the
social context, as adolescents are more likely to engage in risk-taking in the presence of
immediate rewards or peer influence (van Duijvenvoorde et al., 2016). Although emotional brain
development is associated with some challenging adolescent behaviors, it also confers improved
capacities for emotional regulation, abstract thinking, and long-term planning (Immordino-Yang
et al., 2019).
Emotional regulation. With the onset of puberty, adolescents demonstrate increased
behavioral responsiveness to emotionally salient stimuli, potentially due to changes in functional
connectivity between the PFC and subcortical limbic regions including the amygdala (Juraska &
Willing, 2017). These heightened emotional responses may overwhelm adolescents’ immature
cognitive control system, resulting in an imbalance that hampers emotional regulation,
particularly during early adolescence (Kilford et al., 2016; Spear, 2013; Romer et al., 2017; van
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Duijvenvoorde et al., 2016). However, as connections between the PFC and amygdala
strengthen, adolescents experience gradual improvement in emotional regulation (Caballero et
al., 2016).
Embarrassment is an especially salient emotion among adolescents. Somerville and
colleagues (2013) used fMRI to examine activity in the medial prefrontal cortex, a region
thought to be involved in adolescent-motivated social behavior, during a simulated social
evaluation task. Participants (N= 69) ranging in age from 8 to 22.9 took part in what they
believed was a practice trial for a new one-way camera installed within the fMRI head coil.
Throughout the trial, participants were told to passively monitor the camera’s status as display
changes alerted them to whether the camera was “off,” “starting,” or “on.” Camera settings
randomly alternated for a total of 12 blocks, or four of each condition, and participants were
notified that a same-sex peer of similar age would be monitoring the video feed. Skin
conductance was also measured during the task and participants were asked to rate their in-trial
experience of six emotions (i.e., happiness, excitement, nervousness, worry, fear, and
embarrassment) following the task. Analyses indicated peak embarrassment ratings at 17.2 years
of age. Skin conductance data showed an adolescent-specific age effect of greater autonomic
arousal that peaked in mid-adolescence and subsided in adulthood. These results suggest that
adolescents experience heightened self-conscious emotions, particularly embarrassment, and
emotional arousal in response to even subtle experiences of social evaluation. Moreover,
adolescents’ sensitivity to social evaluation was accompanied by differential activity in the
medial prefrontal cortex in comparison to adults and children, signifying a biological basis for
heightened emotional sensitivity.
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Risk, reward, and sensation-seeking. Increased affinity for sensation-seeking and risktaking are among the most stereotypical behaviors associated with adolescents.
Neurodevelopmental models suggest that during adolescence, reward processing dominates
executive functions, serving as a basis for increased exploration and sensation-seeking (Murty et
al., 2016). Although past research often viewed adolescent exploratory behavior and risk-taking
as maladaptive (e.g., emphasizing drug use, smoking, unprotected sex, etc.), recent research
approaches it as an adaptive process, contributing to the accumulation of information and
experiences that support independence in adulthood (Murty et al., 2016; Romer et al., 2017;
Steinberg, 2015). Engaging in new experiences helps adolescents to build skills that support their
development as independent, autonomous individuals and can provide scaffolding for adult roles
(Guyer et al., 2018). Sensation-seeking during adolescence also increases exposure to novel
experiences which serve as opportunities for learning. The potential for reward may explain why
adolescents are uniquely drawn toward new experiences, as the proclivity toward risk and reward
differentiates adolescents from adults and children who are often more risk averse (Romer et al.,
2017). A possible explanation for this behavioral difference is that adolescents gamble more
often because they have more to learn (Romer et al., 2017). Adolescent exploration and
experimentation helps to build networks of experience that contribute to more adaptive decisionmaking in the future (Romer et al., 2017). Seeking new and exciting experiences contributes to
learning, fun, and the eventual development of wisdom, independence, and self-sufficiency for
adolescents (Dahl et al., 2018; Romer et al., 2017; Spear, 2013). However, adolescents can also
be risk-averse, especially when they are under scrutiny from peers (Blakemore, 2018; Knoll et
al., 2015).
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Peer influence. As peer relationships take on increased significance during adolescence,
social factors have greater influence over adolescent behavior and decision-making than during
any other life stage (Blakemore, 2018; Knoll et al., 2015; van Duijvenvoorde et al., 2016). Need
for peer acceptance, desire to be respected by teachers, parents, and peers, and fear of social
rejection are particularly motivational to adolescents. (Blakemore, 2018; Dahl et al., 2018; Knoll
et al., 2015; Yeager et al., 2018). The influence of peers and parents during this stage is affected
by cultural norms with Western adolescents showing greater deference to peers than in other
cultures (Blakemore, 2018; Dahl et al., 2018; Knoll et al., 2015; Yeager et al., 2018)
The effect of peer influence on adolescent risk-taking has been the subject of a substantial
amount of research with results demonstrating that the adolescent drive for peer approval is
stronger than reason (Albert et al., 2013; Blakemore, 2018; Knoll et al., 2015). A study of risk
perception found that adolescents’ tendency to engage in risky behavior around their peers has
more to do with peer influence over behavior and decision-making than feelings of invincibility
or a failure to comprehend risks (Knoll et al., 2015). Adolescents are prone to adjust their
opinions to align with their peer group and the fear of social rejection is particularly salient at
this age (Knoll et al., 2015). From a neurological standpoint, there is evidence that in the
presence of peers, adolescents experience heightened activity in brain structures associated with
reward valuation, including the ventral striatum and orbitofrontal cortex, making the rewarding
aspects of risk-taking particularly enticing among friends (Albert et al., 2013).
Adolescents’ social-emotional experiences influence and are influenced by their brain
development (Immordino-Yang et al., 2019). The interdependence between brain development
and social-emotional experiences has implications for secondary educators, who are in the
position to influence students’ social environment in school and, thus, their brain development.
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Understanding how the brain changes during different developmental stages can help educators
to provide supportive conditions for developmentally appropriate learning (Immordino-Yang et
al., 2019). For instance, knowing that regions of the brain involved in internally directed,
reflective thought (e.g., thinking about a friends’ feelings) cannot coactivate with regions
associated with executive control—that is, students cannot attend to their inner world and outer
world simultaneously—may provide educators with the necessary insight to respond to students
appropriately and to support them during learning activities (Immordino-Yang et al., 2019). If
“learning…depends on how nature is nurtured,” then teachers play a key role as nurturers of
students’ brain development (Immordino-Yang et al., 2019, p. 185).
Supporting Basic Psychological Needs
Responsive teaching. Educators practice responsive teaching when they are attuned to
and prepared to support the needs of their students (Caskey & Anfara, 2007). Selecting ageappropriate classroom practices and establishing a supportive environment contribute to
responsive teaching (Eccles et al., 1993). As students develop intellectually, emotionally, and
psychologically, educators can demonstrate responsive teaching by providing adequate structure
and challenge, opportunities for authentic learning, and a learning environment characterized by
trust and positive, healthy relationships with peers and teachers (Caskey & Anfara, 2007; Kiefer
et al., 2014; Reeve, 2006; Stroet et al., 2013). Investigating pre-service teachers’ orientations
toward autonomy-supportive and controlling motivational styles is important because teachers
who effectively support students’ needs contribute to a range of positive student outcomes,
including enhanced motivation, academic performance, and well-being (Jang et al., 2010; Reeve,
2006; Ruzek et al., 2016, Stroet et al, 2013).
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The following section provides a brief overview of basic psychological needs and
outcomes associated with their support, followed by a discussion of need supportive teaching
practices and the benefits of an autonomy-supportive motivational style.
Self-determination theory. Self-determination theory identifies three basic psychological
needs: autonomy, competence, and relatedness (Deci & Ryan, 2000). Autonomy describes a
desire to act freely and in accordance with a sense of self as well as to exercise volition and to
make decisions (Deci & Ryan, 2000); it has less to do with acting independently of others and
more to do with acting outside of another’s control (Stroet et al., 2013). Competence pertains to
feelings of capability and challenge or the extent to which a student feels effective within the
academic environment (Stroet et al., 2013). Last, relatedness concerns the desire to feel a sense
of connection with others, to establish a sense of belonging, and to form meaningful relationships
(Stroet et al., 2013). Individuals set goals and seek relationships that contribute to the satisfaction
of these needs and the extent to which one’s needs are satisfied is predictive of their overall
psychological well-being (Deci & Ryan, 2000). Achieving balanced need satisfaction promotes
greater well-being than varied need satisfaction (Sheldon & Niemiec, 2006). Within a school
setting, the maintenance of these three needs fosters intrinsic motivation, engagement, selfregulated learning, improved academic performance, school belonging, and positive adjustment
(Deci & Ryan, 2000; Jang et al., 2010; Reeve, 2006; Reeve, 2009; Sheldon & Niemiec, 2006;
Sierens et al., 2009; Wang & Eccles, 2013).
Need supportive teaching. Need supportive teaching refers to classroom practices and
behaviors designed to satisfy the three basic psychological needs (i.e., autonomy, competence,
and relatedness) outlined by self-determination theory (SDT) and has implications for student
motivation, performance, and well-being (Deci & Ryan, 2000). Although these needs are

60

identified separately, they are considered to be complementary and may be satisfied or frustrated
to varying degrees; furthermore, the satisfaction of one need may overlap with the satisfaction of
another (Stroet et al., 2013). The following section looks more closely at the ways in which
teachers can shape the classroom environment and interactions with their students in order to
support students’ needs for autonomy, competence, and relatedness.
Adopting an autonomy-supportive style. Teachers’ motivational styles fall along a
continuum from controlling to autonomy-supportive (Reeve, 2006). Rather than describing a
prescriptive set of strategies or procedures, autonomy-supportive teaching emerges from
teachers’ views about student motivation and is associated with a range of positive academic
outcomes (Reeve, 2006). These include higher intrinsic motivation and mastery motivation,
greater perceived competence, as well as improved academic persistence, conceptual
understanding, academic performance, and well-being (Jang et al., 2010; Reeve, 2006; Ruzek et
al., 2016; Stroet et al, 2013). Research suggests that teachers’ orientations toward autonomysupportive or controlling motivational styles remain stable over the course of an academic year
and that teachers who self-identify as autonomy-supportive tend to teach in an autonomysupportive manner (Reeve et al., 1999).
Teachers embody an autonomy-supportive style when they demonstrate consideration for
students’ internal motivational resources, use non-controlling informational language, and
acknowledge students’ feelings and perspectives (Jang et al., 2010; Reeve, 2006; Stroet et al.,
2013). Teacher practices that nurture internal motivational resources include allowing students’
interests, preferences, goals, and competencies to inform teaching and making the effort to bring
meaning, relevance, utility, and authenticity to schoolwork and curriculum (Jang et al., 2010;
Kiefer et al., 2014; Reeve, 2006; Stroet et al., 2013). Providing students with meaningful choices
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and opportunities to contribute to decision-making are additional supports for intrinsic
motivation and autonomy-support in the classroom (Jang et al., 2010; Reeve, 2006; Stroet et al.,
2013).
The use of non-controlling informational language is another way for teachers to adopt an
autonomy-supportive style in the classroom. Non-controlling informational language facilitates a
student’s ability to direct inner motivational resources toward the accomplishment of classroom
activities (Jang et al., 2010; Reeve, 2006). Using competence-affirming statements, providing
rationales and explanations for classroom tasks, and communicating in a way that is
informational and flexible are examples of non-controlling informational language (Jang et al.,
2010; Reeve, 2006). When students demonstrate poor behavior or poor performance, noncontrolling informational language enables positive communication between teachers and
students by helping students to identify the underlying issue and to take appropriate action
(Reeve, 2006). For example, a teacher might address an off-task student by calling her behavior
to attention (e.g., “I notice that you are not engaged with the lesson”) and inquiring about her
mental state (e.g., “is everything ok?”; Reeve, 2006).
Teachers can also assume an autonomy-supportive style in the classroom by
acknowledging and affirming students’ feelings and perspectives (Jang et al., 2010; Reeve,
2006). One way to communicate acceptance of students’ feelings is to acknowledge complaints
or resistance as valid responses to imposed demands (Reeve, 2006). In addition, teachers can
engage students in a discussion of ideas to improve the lesson or to provide an explanation of the
lesson’s value or importance (Reeve, 2006). Teachers can also demonstrate attunement to
students by monitoring student engagement and affect during a lesson and adjusting as necessary
or soliciting student feedback (Reeve, 2006). A teacher’s willingness to listen to, validate, and
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consider students’ perspectives and emotional responses conveys caring and respect for their
students (Kiefer et al., 2014; Yeager et al., 2018).
Supporting students’ need for competence. The provision of adequate structure and
challenge in the classroom supports students’ need for competence, while promoting academic
growth and development (Eccles, 1993; Reeve, 2006). Structure is comprised of four elements,
including clear communication, guidance, encouragement, and constructive feedback (Stroet et
al., 2013). Clearly communicated directions, procedures, ideas, and expectations enable students
to stay on task and to self-regulate their behavior, promoting positive performance in the
classroom and bolstering their feelings of competence (Jang et al., 2010). Explicit instruction in
effective learning strategies is another tool that teachers can provide students to increase their
feelings of competence (Dunlosky et al., 2013). Providing guidance further supports students’
classroom competence and may take the form of redirecting and minimizing misbehavior,
offering step-by-step directions, modeling tasks, or taking the lead during instruction. Teachers
can also encourage students by conveying high expectations for student work, recognizing effort
and persistence, and by demonstrating care (Kiefer et al., 2013). Adopting a supportive attitude,
assisting students with accomplishing their goals, and affirming their capacity for self-direction
are additional ways that teachers can use guidance to satisfy students’ need for competence
(Reeve, 2006). Finally, offering students respectful and constructive feedback enhances their
feelings of competence and increases their sense of control over academic outcomes (Stroet et
al., 2013).
Fostering a sense of belonging and relatedness. The need for relatedness can be satisfied
by caring, supportive, and responsive relationships with teachers and through positive
interactions with peers. Two factors influence the extent to which students’ need to belong is
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satisfied: the frequency of positive contact and the presence of a bond characterized by stability
and concern (Stroet et al., 2013). Teachers foster a sense of relatedness with their students when
their relationship is characterized by warmth, affection, respect, and approval (Kiefer et al.,
2014; Reeve, 2006). By listening to their students and getting to know them as individuals,
teachers demonstrate that they care (Kiefer et al., 2014). Working to build rapport with students
based on honesty and trust and seeking bonding opportunities outside of the classroom (e.g.,
attending extracurricular functions, coaching, sponsoring clubs, etc.) also serve to establish a
sense of connection between teachers and their students (Booker, 2018). Meanwhile, teachers
can support positive peer interactions in the classroom by incorporating teambuilding activities
and by promoting a sense of connectedness, cooperation, and consideration for others (Booker,
2018). Finally, when teachers model positive interactions with students in the classroom, they
“create experiences that lead students to perceive that their peers are supportive, positive, and
respectful,” reinforcing the sense of belonging and connection among all of the students in the
classroom (Ruzek et al., 2016, p. 101).
Cultural differences in need satisfaction. Research investigating cultural differences in
basic psychological need satisfaction establish these as universal needs with similar contributions
to psychological well-being across cultures (Chen et al., 2015; Chua et al., 2014; Church et al.,
2012). Individual differences in desire for need satisfaction and value placed upon need
satisfaction have not been found to moderate the relation between need satisfaction and
psychological well-being (Chen et al., 2015; Church et al., 2012). However, cultural differences
have been established for the influence of choice-making on the satisfaction of students’ need for
relatedness (Katz & Assor, 2007) and in how cultures perceive autonomy and controlling support
(Chua et al., 202014).
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There are important cultural differences in how students respond to opportunities to make
decisions (Katz & Assor, 2007). Although practices such as providing students with choices and
opportunities for decision-making are identified as autonomy-supportive (Jang et al., 2010;
Reeve, 2006; Stroet et al., 2013), choices can also frustrate the need for relatedness (Katz &
Assor, 2007). For students from collectivistic cultures, public decisions may threaten group
harmony or belonging, especially in instances where an individual’s choice differs from that of
the group (Katz & Assor, 2007). Students in individualistic societies may experience diminished
relatedness if they are concerned that their choice will lead to embarrassment or social rejection
(Katz & Assor, 2007). It is important for teachers to be culturally responsive and to encourage a
warm, accepting classroom environment in order to appropriately leverage the autonomysupportive power of decision-making opportunities.
Individuals from differing cultural backgrounds may perceive autonomy and controlling
support differently (Chen et al., 2015). A study comparing North Americans (i.e., Americans and
Canadians) and Malaysians used the Problems in Schools (PS) Questionnaire to assess
perceptions of autonomy and controlling supportive styles of motivation (Chen et al., 2015). The
PS Questionnaire uses brief hypothetical vignettes describing school situations, followed by
responses ranging from highly autonomy-supportive to highly controlling. Respondents are
asked to rank the appropriateness of each response using a 7-point Likert scale. Chen and
colleagues (2015) found that individuals from North American and Malaysian cultures
considered autonomy-supportive responses the most appropriate, but that Malaysians were more
accepting of controlling strategies, which were still seen as beneficial. The study also revealed a
positive relation between how highly an individual valued power distance (i.e., the extent to
which a hierarchical order is accepted and endorsed) and how appropriate they rated controlling
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strategies for promoting autonomous motivation (Chen et al., 2015). These findings suggest that
students from various cultural backgrounds are likely to perceive autonomy-supportive strategies
favorably and that perceptions of controlling strategies may vary in accordance with culture.
Autonomy-supportive versus controlling style. An autonomy-supportive motivational
style facilitates students’ intrinsic motivation through the creation of opportunities that allow
students’ interests and needs to direct their learning (Reeve, 2006). Classrooms led by autonomysupportive teachers yield students with greater competence, conceptual understanding, mastery
motivation, and well-being than students in controlling classrooms. Despite these benefits,
teachers are more likely to adopt a controlling style (Reeve, 2009). A controlling motivational
style is characterized by reliance upon extrinsic motivators and pressure-inducing language, the
failure to provide rationales or explanations for requests, and opposition to students’ complaints
or expressions of negative affect (Reeve, 2009). Although teachers’ orientations toward more
autonomy-supportive or controlling styles are relatively stable throughout the school year (Reeve
et al., 1999), they may express both styles over the course of a lesson (Reeve, 2009). Teachers
who self-identify as autonomy-supportive tend to teach in an autonomy-supportive manner
(Reeve et al., 1999).
Integrating Support for Brain Development with Need Supportive Teaching
The endorsement of neuromyths and other misunderstandings of neuroscientific
principles may influence how educators support or thwart their students’ needs in the classroom.
Supporting students’ brain development in addition to their basic psychological needs may
represent a way for educators to best engage in responsive teaching practices. Considering brain
development and psychological need support in tandem may also be helpful, given that both may
contribute to students’ motivation and engagement (Romer et al., 2017; Spear, 2013; Stroet et al.,
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2015) as well as their cognitive and socio-emotional development (Immordino-Yang et al., 2019;
Spear, 2013; Stroet et al., 2013; Zalazo & Carlson, 2012).
There are several reasons to suspect that pre-service teachers may need additional support
to develop sufficient knowledge of the brain’s function and development, as well as how brain
development influences students’ cognitive, social-emotional, and volitional behaviors. First,
neuroscience literacy is not included in national teaching standards (Schwartz et al., 2019). There
is a lack of evidence that pre-service teachers receive instruction in how the brain relates to
learning and memory (Schwartz et al., 2019) or general brain function and development (Dekker
& Jolles, 2015). However, research indicates that improving teachers’ understanding of the
brain’s function and development confers a variety of practical and personal benefits that allow
practicing educators to enrich their pedagogical choices (Schwartz et al., 2019) and be more
understanding of and responsive to their students’ developmental needs (Hook & Farah, 2013).
Thus, research suggests that providing teachers with insight into the development and workings
of the brain may contribute to more effective applications of neuroscience findings to education
and support responsive teaching practices.
Teachers’ understanding of brain development may also have implications for supporting
students’ needs for autonomy, competence, and relatedness. For instance, understanding of how
executive functioning matures and improves may influence how teachers can best support
students’ needs for competence and autonomy. For adolescent students, the drive to seek out new
and sometimes risky experiences, may have implications for how teachers can support
autonomy, including providing appropriate opportunities to take risks in school. Additionally, the
satisfaction of students’ need for relatedness may be affected by heightened sensitivity to peers
and the social context during adolescence. Threats to the need for belonging can cause emotional
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stress, disrupting working memory and hindering cognitive performance (Immordino-Yang et
al., 2019; OECD, 2007). The influence of emotional regulation and dysregulation on cognitive
function may have additional implications for supporting adolescent students’ need for
competence, as reductions in cognitive performance can impede academic progress. Insight into
pre-service teacher’s knowledge and misconceptions of the brain as well as their motivational
styles can inform interventions aimed at supporting pre-service teachers’ neuroscience literacy
and understanding of need supportive practices. This information may aid the development of
teacher education and professional development. The investigation of pre-service teachers’
neuroscience literacy and motivational styles can serve as an initial step toward understanding
the dynamics of how knowledge of brain development can inform need supportive teaching
practices.
Summary and Gaps in the Literature
Research consistently demonstrates the widespread prevalence of neuromyths among preand in-service teachers, with reliable endorsement of a few popular neuromyths, including myths
about learning styles, hemisphere dominance, and enriched environments (Dekker et al., 2012;
Dündar & Gündüz, 2016; Ferrero et al., 2016; Howard-Jones, 2014; Pei et al., 2015; van Dijk &
Lane, 2018). However, due to emphasis on future special education teachers (Ruhaak & Cook,
2018; van Dijk & Lane, 2018) existing studies of neuromyths among American pre-service
teachers have limited generalizability to educators working with mainstream students.
Additionally, because there is some evidence that teachers’ neuromyth endorsement varies by
their position in education (i.e., early childhood, primary, secondary, or postsecondary;
Gleichgerrcht et al., 2015; Sarrasin et al., 2019), better understanding of neuromyths among preservice teachers may be helpful to understanding the relation between neuromyth endorsement
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and position in education. Finally, given cultural differences in which neuromyths are most
prevalent within a population and the limited study of neuromyths among American pre-service
teachers, more research is necessary to determine what pre-service teachers know about the brain
and which misconceptions are common among this group.
Teachers who adopt practices that effectively support students’ needs, such as an
autonomy-supportive motivational style, contribute to a range of positive student outcomes,
including enhanced motivation, academic performance, and well-being (Jang et al., 2010; Reeve,
2006; Ruzek et al., 2016; Stroet et al, 2013). An autonomy-supportive motivational style
facilitates students’ intrinsic motivation through the creation of opportunities that allow students’
interests and needs to direct their learning (Reeve, 2006). Classrooms led by autonomysupportive teachers yield students with greater competence, conceptual understanding, mastery
motivation, and well-being than students in controlling classrooms. Pre-service teachers’
orientations toward more autonomy-supportive or controlling motivational styles has
implications for satisfying their future students’ basic psychological needs and promoting
motivation, academic performance, and well-being in school. Research indicates that in-service
teachers are more likely to adopt a controlling motivational style (Reeve, 2009), but less is
known about pre-service teachers’ motivational styles.
The endorsement of neuromyths and other misunderstandings about the brain may affect
educators’ ability to support the brain development and psychological needs of students in
school. Research investigating the relations between neuromyth endorsement, neuroscience
literacy, and motivational style can serve as a first step toward understanding the dynamic
between these developmental supports. Growing recognition of the interaction between
environmental, biological, and psychological factors and their influences on learning and well-
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being, encourages a more holistic approach to supporting the needs of students (ImmordinoYang et al., 2019; OECD, 2007). An appreciation of these complexities may lead to practices
that are more responsive to students from kindergarten through high school.
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Chapter Three: Method
The present study utilized a survey design and had three main aims. The first aim was to
explore the prevalence of neuromyths among pre-service teachers as well as their neuroscience
literacy. The following questions served this purpose:
1. What is the prevalence of neuromyths among pre-service teachers?
2. What is the neuroscientific literacy of pre-service teachers?
The second aim was to explore the prevalence of autonomy-supportive and controlling
motivational styles among pre-service teachers. The following question served this purpose:
3. Do pre-service teachers tend to adopt a more autonomy-supportive or controlling
motivational style?
The third aim was to explore associations between pre-service teachers’ knowledge of the
brain and their motivational style. A final question served this purpose:
4. What are the associations between pre-service teachers’ knowledge of the brain (i.e.,
neuromyth endorsement and neuroscience literacy) and their motivational style (i.e.,
autonomy-supportive or controlling) after controlling for any significant relations among
demographic variables (i.e., sex, age, ethnicity, GPA, and subject area specialization)?
This chapter details the methods for the present study. First, a description of the
participants and participant recruitment procedures is provided. Next, a description of the
measures used for data collection is provided. Then, the analysis plan for each research question
is explained.
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Participants
Participants in this study were pre-service teachers recruited from the College of
Education at a large southeastern university in the United States using a convenience sampling
method. Eligible participants were students who were registered for “Intro to the Teaching
Profession” (EDF 2005), pre-admitted into the College of Education, or enrolled in a teacher
preparation program in the College of Education. Six hundred and seventy-one eligible
participants were identified and invited via student email to participate in the study. Email
addresses were obtained from the College of Education and participants were provided with an
anonymous link to the survey. Instructors known to the researcher were contacted and asked to
assist in the recruitment of participants. The study had a response rate of 22.5%, with 150 total
responses. Three responses did not include demographic data and were dropped from analyses.
The final sample included 147 responses.
According to the most recent data from the National Center for Education Statistics,
educators in America predominantly identify as female (76%) and White (79%), thus the sample
closely resembles the population of American teachers (Hussar et al., 2020). Furthermore, within
the College of Education sampled, pre-service teachers are predominantly White, female, and
pursuing a degree in Elementary Education, suggesting the sample is representative of the
student body within the College of Education. See Table 4 for demographic characteristics of the
participants.
Procedure
Prior to taking part in the survey, participants completed a consent form (see Appendix
A) explaining the purpose of the study, confidentiality, and the voluntary nature of the study. The
survey took approximately 10 minutes to complete and participants were allowed four weeks
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Table 4
Demographic Characteristics of Participants
Demographic Variable
Sex
Male
Female
Age
18
19
20
21
22
23
24
25+
Ethnicity
Black
Asian
Latino/a
Multiracial
White
GPA
3.50-4.00
3.00-3.49
2.50-2.99
2.00-2.49
Below 2.00
Specialization
Early Childhood Education
Elementary Education
English Education
Exceptional Student Education
Math Education
Middle Grades Math
Science Education
Social Studies Education
Other
Note. N = 147.

Frequency (%)
24 (16%)
123 (84%)
8 (5.3%)
18 (12%)
39 (26%)
32 (21.3%)
15 (10%)
10 (6.7%)
3 (2%)
22 (14.7%)
6 (4%)
5 (3.3%)
24 (16%)
12 (8%)
99 (66%)
84 (56%)
47 (31.3%)
12 (8%)
2 (1.3%)
1 (0.7%)
4 (2.7%)
62 (41.3%)
18 (12%)
26 (17.3%)
11 (7.3%)
8 (5.3%)
7 (4.7%)
10 (6.7%)
1 (0.7%)
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to complete the survey. To encourage participation, every pre-service teacher who completed the
survey received a link to a website (https://www.supportbraindevelopment.com) with teaching
resources identifying developmentally responsive strategies for supporting students’ brain
development and motivation in school. Instructors within the College of Education also had the
discretion to award extra credit to participants who completed the survey. All measures were
administered online via Qualtrics.
Measures
Participants completed a demographic form, the Brain in Education measure (i.e.,
neuromyth endorsement and neuroscience literacy), and the Problems in Schools (PS)
Questionnaire (i.e., autonomy-supportive or controlling motivational style).
Demographic form. Demographic information included sex, age, ethnicity, class
standing (i.e., freshman, sophomore, junior, or senior), grade point average, and subject area
specialization. Demographic information was used to evaluate the representativeness of the
sample and to identify and control for any significant relations among the demographic variables.
Neuromyths and neuroscience literacy. A validated adaptation of the Brain in
Education measure (Dekker et al., 2012) was used to assess neuromyth endorsement and
neuroscience literacy among the sampled pre-service teachers (van Dijk & Lane, 2018). The
measure includes 15 neuromyth statements and 18 factual statements about the brain. An
example of a neuromyth statement is, “There are critical periods in childhood after which certain
skills can no longer be learned” (van Dijk & Lane, 2018). An example of a factual statement
about the brain is, “We use our brains 24 hours a day in some capacity” (van Dijk & Lane,
2018). To avoid influencing participants’ responses, the survey did not directly refer to
neuromyths. A three-point scale: Agree, Neither Agree nor Disagree, and Disagree, was used in
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order to diminish participants’ concerns about being judged or assessed on their knowledge (van
Dijk & Lane, 2018). Likewise, the “Neither Agree nor Disagree” option was included because it
may reduce the likelihood that participants skip questions or choose the correct answer
accidentally (Papadatou-Pastou et al., 2017). The full survey is available in Appendix C.
The Brain in Education measure was selected because it was recently validated by van
Dijk and Lane (2018) for a study of neuromyths among American educators and educational
leaders (37% of participants were in-service teachers and 20% were pre-service teachers). To
validate the measure, van Dijk and Lane (2018) compiled items from the survey used by Dekker
et al. (2012) as well as other adaptations of the survey, none of which referred to piloting the
surveys or providing evidence of psychometric validation. Next, the researchers conducted indepth focus groups to establish item relevance, followed by a review by methodological and
content experts (van Dijk & Lane, 2018). Finally, the researchers conducted cognitive interviews
with members of the in-depth focus groups, content experts, and methodological experts. After
each stage of validation, the wording of the statements was adjusted to improve readability and
understanding. van Dijk and Lane (2018) reported a Cronbach’s alpha of .60 for the Brain in
Education measure, which has a total of 33 items (personal communication, October 28, 2019).
In work with other adaptations, Sarrasin and colleagues (2019) reported an alpha of .79 for a
five-item measure of neuromyths, Canbulat and Kiriktas (2017) reported an alpha of .68 for a 31item measure of neuromyths and facts about the brain, and Grospietsch and Mayer (2019)
reported alphas of .66 and .76 for 11 items measuring concepts about the brain and 11 items
measuring neuromyths, respectively. In the present study, the Cronbach’s alpha for the full Brain
in Education measure was .56 and the alphas for neuromyth and neuroscience literacy items were
.55 and .56, respectively.

75

Motivational style. The Problems in Schools (PS) Questionnaire was used to measure
pre-service teachers’ motivational styles (Deci et al., 1981). The PS Questionnaire was designed
to measure teachers’ orientations toward motivating students using brief hypothetical vignettes
and has been used with in-service and pre-service educators (Jennings et al., 2011; Perlman,
2015; Reeve et al., 1999). Respondents are provided with a scenario such as:
Jim is an average student who has been working at grade level. During the past two
weeks he has appeared listless and has not been participating during reading group. The
work he does is accurate but he has not been completing assignments. A phone
conversation with his mother revealed no useful information. The most appropriate thing
for Jim’s teacher to do is:
followed by four responses. The four responses for each question represent four motivational
styles: (1) highly controlling (HC), (2) moderately controlling (MC), (3) moderately autonomysupportive (MA), and highly autonomy-supportive (HA). For the example above, “Make him
stay after school until that day’s assignments are done” represents a highly controlling response.
“She should impress upon him the importance of finishing his assignments since he needs to
learn this material for his own good” represents a moderately controlling response. “Let him see
how he compares with the other children in terms of his assignments and encourage him to catch
up with the others” represents a moderately autonomy-supportive response. “Let him know that
he doesn’t have to finish all of his work now and see if she can help him work out the cause of
the listlessness” represents a highly autonomy-supportive response. (See Appendix D for the full
questionnaire.) For each of the four responses, respondents are asked to assign a number rating
the appropriateness of the response. Ratings follow a 7-point Likert scale (1 = “very
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inappropriate”, 4 = “moderately appropriate”, and 7 = “very appropriate”). The four subscales
(i.e., HC, MC, MA, HA) can be used separately by averaging the responses for each subscale or
they can be combined for an overall reflection of a teacher’s orientation toward an autonomysupportive or controlling motivational style.
Reeve and colleagues (1999) analyzed the conceptual and predictive validity of the PS
Questionnaire in a series of four separate studies. In the first and primary study, using a sample
of pre-service educators (N = 1550), they confirmed the validity of the HA, MC, and HC
subscales, but not the MA subscale (Reeve et al., 1999). On the basis of this finding, it is
recommended not to include the MA subscale in the computation of motivational style:
Motivating style = 2(HA) + 0(MA) - MC - 2(HC). In the second study, Reeve and colleagues
(1999) reported a mean composite score of 0.28 with a standard deviation equal to 3.28 for their
sample of 122 pre-service teachers, using the recommended calculation for composite scores on
the PS Questionnaire. The predictive validity of the PS Questionnaire was established in an
observational study of in-service teachers, demonstrating that educators with an autonomysupportive style tend to teach in autonomy-supportive ways and educators with a controlling
style teach in a more controlling manner (Reeve et al., 1999). The values of Cronbach’s alpha for
standardized scores on the HC, MC, and HA subscales range from .71 to .80 and test-retest
reliability for the total scale is .70 (Deci et al., 1981). In the present study, the values of
Cronbach’s alpha for the HC, MC, MA, and HA subscales ranged from .58 to .73 and the alpha
for the total scale was .77.
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Analysis Plan
Data integrity. Data were collected using Qualtrics, a free online research analytics
and survey platform. Each participant received an anonymous link to complete the survey. Data
accuracy was checked via frequency and other descriptive analyses using the IBM Statistical
Package for the Social Sciences (SPSS) Version 26.
Missing data. Efforts were made to minimize the risk of missing data. The survey was
designed to take 10 to 15 minutes to complete in order to avoid participant fatigue, and neutral
response categories (e.g., “Neither Agree nor Disagree”) were available for when participants
experienced doubt. Mean imputation was conducted for measures with missing data. Although
prior work retained responses for analysis when at least 50% of the questions on the Brain in
Education measure were answered (van Dijk & Lane, 2018), a higher threshold of at least 70%
was utilized in the present study. For the Brain in Education measure, participants who
responded to at least 11 of the 15 neuromyth statements and 13 of the 18 neuroscience literacy
statements were included in analyses. For the Problems in Schools questionnaire, participants
who responded to at least 6 of the 8 statements for each of the four subscales (i.e., highly
controlling, moderately controlling, moderately autonomy-supportive, and highly autonomysupportive) were included in analyses. Three responses did not include demographic data and
were dropped from analyses.
Preliminary analyses. Reliabilities of the self-report measures (i.e., the Brain in
Education and the Problems in Schools Questionnaire) were calculated using SPSS Version 26.
Descriptive analyses included means, standard deviations, normality (i.e., skewness and
kurtosis), and correlations among the variables of interest (i.e., neuromyth endorsement,
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neuroscience literacy, and motivational style). Finally, t-tests and ANOVAs were conducted to
determine any significant relations among demographic variables.
Research Questions 1 and 2. The first aim is to explore the prevalence of neuromyths
among pre-service teachers, as well as their neuroscience literacy and perceived utility of
neuroscience literacy to classroom practices and decision-making. Research questions one and
two serve this purpose.
The data for questions one and two came from the neuromyth and neuroscience literacy
measure, the Brain in Education, adapted by van Dijk and Lane (2018). Following the procedure
used by van Dijk and Lane (2018), a two-option dummy code was used to code all 33 statements.
For correct statements, the “Agree” option was coded one, with all other options coded zero. For
incorrect statements, the “Disagree” option was coded one, with all other options coded zero.
Following the work of researchers such as Dekker and colleagues (2012) and van Dijk and Lane
(2018), neuromyth and fact statements were separated to allow study results to be compared to
prior studies.
To determine which neuromyths were most prevalent among pre-service teachers, the
percentage of correct responses to the 15 myth statements was calculated for each participant and
for the total sample. The same process was used to determine the neuroscience literacy of preservice secondary teachers. The percentage of correct responses to the 18 factual statements was
calculated for each participant and for the total sample.
Research Question 3. The second aim is to explore the prevalence of autonomysupportive and controlling motivational styles among pre-service teachers. Research question
three serves this purpose.
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Data for question three came from the Problems in Schools (PS) Questionnaire (Deci et
al., 1981). To determine the prevalence of autonomy-supportive and controlling motivational
styles among pre-service teachers, means for the HC, MC, MA, and HA subscales were
computed for each participant and for the total sample. Following the recommendation of Reeve
et al. (1999), motivating style was computed as follows: 2(HA) + 0(MA) - MC - 2(HC). In line
with prior research, this weighted composite score was used to provide an overall perception of
teachers’ orientation toward a more autonomy-supportive or controlling motivational style
(Jennings et al., 2011; Perlman, 2015; Reeve et al., 1999). Prior studies reported mean composite
scores of 0.28 (Reeve et al., 1999), -0.21 to 0.21 (Perlman, 2015), and 1.74 to 2.71 (Jennings et
al., 2011).
Research Question 4. The third aim is to explore associations between pre-service
teachers’ knowledge of the brain and motivational style. Research question four serves this
purpose.
Separate hierarchical regression analyses were used to examine associations of
neuromyth endorsement and neuroscience literacy with each motivational style (i.e., autonomysupportive and controlling). Variables were entered as a block at each step. In step 1,
demographic variables with significant subgroup differences determined by preliminary t-tests
and ANOVA were entered as covariates. Neuromyth endorsement was entered at step 2 and
neuroscience literacy was entered at step 3. All main effects for neuromyth endorsement and
neuroscience literacy were retained in the final models.
Ethical Considerations
The current study posed minimal risk to all participants. Precautions were taken in all
stages of the study to protect participants. The principal investigator (PI) holds current IRB
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training certification and obtained approval from the University of South Florida Institutional
Review Board (IRB) prior to data collection to ensure precautions are taken to protect human
research participants throughout the entirety of this research.
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Chapter Four: Results
The present study explored the endorsement of neuromyths among pre-service teachers,

their neuroscientific literacy, their orientations toward autonomy-supportive or controlling
motivational styles, and associations between pre-service teachers’ knowledge of the brain (i.e.,
neuromyth endorsement and neuroscience literacy) and their motivational style (i.e., autonomysupportive or controlling). This chapter describes the results of the present study, including
reliability analyses and primary analyses for each research question.
Measure Reliabilities
Descriptive statistics and reliability coefficients of the self-report measures were
calculated using the IBM Statistical Package for the Social Sciences (SPSS) Version 26 and are
summarized in Table 5. Internal consistency of the Brain in Education (BIE) scales was
investigated using Cronbach's alpha. The alpha for the 15-item Neuromyth subscale was equal to
.55 and the 18-item Neuroscience Literacy subscale of the BIE had an alpha equal to .56. The
reliabilities associated with these scales are considered marginal to low; however, lower alphas
may be more acceptable in exploratory research (Hair et al., 2014). In keeping with prior
research, all items from the Brain in Education measure were maintained for analysis in the
present study. The reliability of the Problems in Schools (PS) questionnaire (𝛼 =.77) as well as
the reliabilities for the averaged Autonomy-Supportive (𝛼 =.67) and Controlling subscales (𝛼
=.73) were acceptable. For each measure, subscales with lower reliability scores were further
analyzed in order to identify items with weak inter-item total correlations; the results of these
analyses can be found in Appendix E.
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Table 5
Psychometric Properties of Study Measures
# of
Items

Cronbach’s

33

Neuromyths
Neuroscience Literacy

M

SD

.56

.99

.20

-.11

-.28

15

.55

.32

.14

.14

-.50

18

.56

.67

.14

-.51

.34

32

.77

16.55

2.07

.30

.34

Highly Controlling

8

.64

3.05

.80

.23

-.08

Moderately Controlling

8

.66

3.95

.78

.11

.46

Moderately Autonomy-Supportive

8

.66

3.98

.88

.28

.36

Highly Autonomy-Supportive

8

.58

5.57

.68

-.31

-.32

Autonomy-Supportive Average

16

.67

4.77

.61

.24

.34

Controlling Average

16

.73

3.50

.65

.19

.86

Brain in Education Total

Problems in Schools (PS) Total

𝛼

Skew. Kurt.

Note. Range for Neuromyth subscale was 0 to 15 with one point assigned for each correct
disagreement with a neuromyth. Range for Neuroscience Literacy subscale was 0 to 18 with
one point assigned for correctly agreeing with factual statements and correcting disagreeing
with false statements. Range for each subscale of the PS was 8 to 56 with each item measured
on a 7-point Likert scale. The Autonomy-Supportive Average consists of a combination of the
Moderately Autonomy-Supportive and Highly Autonomy Supportive scales and the
Controlling Average consists of a combination of the Highly Controlling and Moderately
Controlling scales.
Prevalence of Neuromyths Among Pre-Service Teachers
Respondents in the present study correctly identified 31.8% of neuromyths. The most
frequently endorsed neuromyth was “Doing basic Brain Gym exercises help students to learn to
read and use language better,” which was endorsed by 99% of respondents. Ninety-eight percent
of respondents also endorsed the following two myths: “Short sessions of motor coordination
exercises, such as crossovers, can improve the collaboration of the left and right hemisphere of
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the brain” and “Environments that are rich in stimulus improve the development of brains of pre-

school children.” Meanwhile, 69% of respondents correctly disagreed that “Children must
acquire their native language before a second language is learned. If they do not do so, neither
language will be fully acquired” and 68% correctly disagreed that “Regular drinking of

caffeinated drinks (more than 5 cups of coffee, cans of soda, or energy drinks) increases
alertness.” Finally, 63% correctly disagreed that “Education cannot remediate learning
difficulties related to developmental differences in brain function.” Table 6 provides the
percentage of correct responses for each neuromyth in descending order of correctness. No
significant differences were determined for demographic subgroups (i.e., sex, age, ethnicity,
GPA, and subject area specialization) regarding neuromyth endorsement.
Neuroscience Literacy Among Pre-Service Teachers
Despite strong endorsement for some neuromyths, 70% or more of participants in the
current study responded correctly to 11 out of 18 statements relating to neuroscience literacy. On
average, participants responded correctly to 67% of the neuroscience literacy statements. Ninetyfive percent of respondents correctly identified that “We use our brains 24 hours a day in some
capacity,” while 92% correctly disagreed that the brain shuts down during sleep and 90%
correctly agreed that “Students’ brains continue to develop structurally during middle and high
school.” However, only 63% of respondents correctly agreed that “To learn to do something, it is

necessary to pay conscious attention to it.” Another 63% of respondents incorrectly disagreed
that “The left and right hemispheres of the brain always work together,” while 80% incorrectly
agreed that “Memories are stored in the brain much like a computer; that is, each memory goes

into a tiny, identifiable piece of the brain” and 82% incorrectly disagreed that boys’ brains are
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Table 6
Pre-service Teachers’ Endorsement of Neuromyths
Neuromyth Statements

N

Children must acquire their native language before a second language is learned. If
they do not do so, neither language will be fully acquired.

%

131

69

Regular drinking of caffeinated drinks (more than 5 cups of coffee, cans of soda, or
energy drinks) increases alertness.

133

68

Education cannot remediate learning difficulties related to developmental
differences in brain function.

131

63

There are critical periods in childhood after which certain skills can no longer be
learned.

133

56

Following a specific diet can help overcome certain neurological disabilities, such as
ADHD, Dyslexia, and Autism spectrum disorders.

134

54

We only use 10% of our brain.

134

52

Drinking less than 6–8 glasses of water a day can cause a developing brain to shrink
in size.

134

41

Differences in hemispheric dominance (left brain, right brain) can help explain
individual differences among learners.

138

22

In general, students learn better when information is presented in their preferred
learning style (e.g., auditory, visual, tactile, and kinesthetic).

133

14

Consuming drinks or snacks that contain a lot of (added) sugar can make students
less attentive.

138

13

Extended repetition of some mental processes can change the shape and structure of
some parts of the brain.

134

13

Certain exercises that practice the coordination of perceptual-motor skills (e.g., body
awareness and lateralized body movements) can improve the literacy skills of
children.

138

7

Environments that are rich in stimulus improve the development of brains of preschool children.

137

2

Short sessions of motor coordination exercises, such as crossovers, can improve the
collaboration of the left and right hemisphere of the brain.

138

2

Doing basic Brain Gym exercises help students to learn to read and use language
better.

137

1

Note. % describes the percentage of pre-service teachers who correctly disagreed with a false statement.
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physically larger than girls. Table 7 provides the percentage of correct responses for each

statement of neuroscience literacy in descending order of correctness.
Table 7
Pre-service Teachers’ Neuroscience Literacy

Neuroscience Literacy Statements

N

%

We use our brains 24 hours a day in some capacity.

130

95

When we sleep, the brain shuts down.*

131

92

Students’ brains continue to develop structurally during middle and high school.

128

90

Cognitive abilities are inherited and cannot be modified by the environment or
by life experience.*

131

89

Students have individual preferences for the style in which they receive
information (e.g., visual, auditory, tactile, and kinesthetic).

128

88

Learning occurs through the creation and modification of the brain’s neural
connections.

131

83

Vigorous physical exercise can improve your mental function.

127

80

Production of new neural connections in the brain can continue into old age.

127

80

Keeping a phone number in memory until dialing, recalling a recent event, and
remembering distant experiences all use a different part of the memory system.

129

78

The brain of boys and girls develop at the same rate in size and structures.*

123

71

Academic achievement can be affected by skipping breakfast.

127

70

To learn to do something, it is necessary to pay conscious attention to it.

124

63

Normal development of the human brain involves the birth and death of brain
cells.

124

58

When a part of the brain is damaged, other parts can take up its function.

128

45

Learning occurs through the addition of new cells to the brain.*

123

40

The left and right hemispheres of the brain always work together.

124

37

Memories are stored in the brain much like a computer; that is, each memory
goes into a tiny, identifiable piece of the brain.*

124

20

Boys have bigger brains (in size) than girls.

124

18

Note. % describes the percentage of pre-service teachers who correctly agreed with a correct statement
or correctly disagreed with an incorrect statement; *incorrect statement.
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Demographic groups (i.e., sex, age, ethnicity, GPA, and subject area specialization) were

compared to identify any subgroup differences in neuromyth endorsement and neuroscientific
literacy using one-way between subjects ANOVAs. A significant difference for ethnicity (i.e.,
White n = 85, Latino/a n = 17, Multiracial n = 11, Black n = 6, and Asian n = 4) was identified

for neuroscience literacy, F (4, 118) = 3.30, p = .01. Post hoc comparisons using the Tukey HSD
test indicated that the mean score for White respondents (M = .69, SD = .13) was significantly
higher than the mean score for Latino/a respondents (M = .57, SD = .17).
Demographic groups (i.e., sex, age, ethnicity, GPA, and subject area specialization) were
compared to identify any subgroup differences in neuromyth endorsement and neuroscientific
literacy using one-way between subjects ANOVAs. A significant difference for ethnicity (i.e.,
White n = 85, Latino/a n = 17, Multiracial n = 11, Black n = 6, and Asian n = 4) was identified
for neuroscience literacy, F (4, 118) = 3.30, p = .01. Post hoc comparisons using the Tukey HSD
test indicated that the mean score for White respondents (M = .69, SD = .13) was significantly
higher than the mean score for Latino/a respondents (M = .57, SD = .17).
Motivational Style
Pre-service teachers’ motivational styles were investigated using the Problems in Schools
(PS) Questionnaire. Descriptive statistics for each subscale are shown in Table 8. Prior to
conducting analyses, the assumption of normality was tested. The skewness and kurtosis values

for each construct were less than the maximum allowable values, and the assumption was
considered satisfied (Kline, 2011).
A composite score was calculated using the Highly Autonomy-Supportive (HA), Highly

Controlling (HC) and Moderately Controlling (MC) subscales of the PS. In accordance with the
recommendations of Reeve et al. (1999), the Moderately Autonomy-Supportive scale was
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excluded from the calculation; the composite score was calculated using the following formula:

Motivating style = 2(HA) + 0(MA) - MC - 2(HC). Higher scores on the PS correspond with a
more autonomy-supportive motivational style, while lower scores suggest a more controlling
style (Deci et al., 1981). Prior studies reported mean composite scores of 0.28 (Reeve et al.,

1999), -0.21 to 0.21 (Perlman, 2015), and 1.74 to 2.71 (Jennings et al., 2011). The mean
composite score for pre-service teachers in the present study (M = 1.08) was higher than the
means reported by Reeve and colleagues (1999) and Perlman (2015), but lower than the means
reported by Jennings and colleagues (2011). Given that prior studies were performed to validate
the PS Questionnaire (Reeve et al., 1999) or to test the effects of an intervention on motivational
style (Jennings et al., 2011; Perlman, 2015), composite scores were reported but not further
evaluated. To aid in evaluating the results of the PS questionnaire in the present study, a series of
t-tests was performed. First, a one-sample t-test was conducted to test the hypothesis that the
mean composite score was equal to zero. The results of the t-test determined that the mean
composite score was significantly different from zero, t(111) = 4.53, p = .00, suggesting that preservice teachers in the present study were oriented toward a more autonomy-supportive
motivational style.
Next, the two autonomy-supportive subscales (i.e., HA and MA) were averaged and
compared with the average of the two controlling subscales (i.e., HC and MC) using a dependent

t-test. The mean of the averaged autonomy-supportive scales was found to be significantly larger
than the mean of the averaged controlling scales (see Table 9), supporting the idea that the preservice teachers endorsed a more autonomy-supportive motivational style.
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Table 8
Means, Standard Deviations, and Correlations for Problems in Schools (PS) Questionnaire
1

2

3

4

5

6

7

1. Comp PS

1.00

2. HA

.60**

1.00

3. MA

-.30**

.21*

1.00

4. HC

-.83**

-.15

.38**

1.00

5. MC

-.48**

.12

.45**

.37**

1.00

6. AS

.14

.71**

.84**

.19*

.39**

1.00

-.80**

-.02

.50**

.83**

.82**

.35**

1.00

Mean

1.08

5.57

3.98

3.05

3.95

4.77

3.50

SD

2.51

0.68

0.88

0.80

0.78

0.61

0.65

Skewness

-.05

-.31

.28

.23

.11

.24

.19

Kurtosis

.35

-.32

.36

-.08

.46

.34

.86

7. Control

Note. N = 112. Comp PS = composite score. HA = the Highly Autonomy-Supportive scale.
MA = Moderately Autonomy-Supportive Scale, HC = Highly Controlling scale. MC =
Moderately Controlling scale. AS = average of the HA and MA scales. Control = average of
the HC and MC scales. *Significant at the .05 level (2-tailed). **Significant at the .01 level (2tailed).
Finally, the highly autonomy-supportive and highly controlling scales were compared.
The highly autonomy-supportive mean was found to be significantly larger than the highly
controlling mean (see Table 9), adding further support to the conclusion that respondents were
more oriented toward an autonomy-supportive motivational style than a controlling motivational
style in the present study. Cohen’s d was estimated using Cohen’s guidelines (1988) and effect
sizes were found to be large.
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Table 9

Paired Samples t-tests Comparing Autonomy-Supportive and Controlling Scales

Autonomy-Supportive Average

M

SD

4.77

.61

1

2

Controlling Average

3.50

.65

Highly Autonomy-Supportive

5.57

.68

Highly Controlling

3.05

.80

t(111)

d

18.67*

2.01

-23.69*

3.39

Note. *All t-tests were significant at p = .00. Range for each subscale of the PS was 8 to 56
with each item measured on a 7-point Likert scale. The Autonomy-Supportive Average refers
to the average of the Moderately Autonomy-Supportive and Highly Autonomy Supportive
scales and the Controlling Average refers to the average of the Highly Controlling and
Moderately Controlling scales.
Demographic groups (i.e., sex, age, ethnicity, GPA, and subject area specialization) were
compared to identify any subgroup differences in motivational style using a one-way between

subjects ANOVA. A significant difference for ethnicity was identified, F (4, 106) = 3.55, p =
.01. Post hoc comparisons using the Tukey HSD test indicated that the difference in mean scores
for White (M = 1.35, SD = .2.36) and Black (M = 2.46, SD = 2.26) respondents were

significantly higher than the mean score for Latino/a respondents (M = -1.01, SD = .2.91).
Hierarchical Regression Analyses
Prior to conducting the regression analyses, demographic variables were considered as

potential covariates, the collinearity of the independent variables was determined, and normality
assumptions were tested. Based on prior research, sex, subject area specialization, and ethnicity
were investigated as potential covariates for the regression analysis. An independent t-test was
conducted to establish any significant sex differences in responding to the Brain in Education
measure and Problems in Schools questionnaire. Although no significant difference was
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determined, sex was retained as a covariate due to adequate variance between the groups.

Subgroups within ethnicity and subject area specialization were compared using separate
analyses of variance. Significant differences were found between ethnic groups for neuroscience
literacy and motivational style (see Table 10). As discussed above, the mean score for White

respondents was significantly higher than the mean score for Latino/a respondents on the
neuroscience literacy scale; whereas, the mean composite score for White and Black respondents
was significantly higher than the mean composite score for Latino/a respondents on the Problems
in Schools questionnaire. Subject area specialization was dropped from the analyses due to low
variance among the subgroups in order to keep a more parsimonious model.
Table 10
Means, Standard Deviations, and One-Way Analyses of Variance in Neuroscience Literacy and
Motivational Style

Measure

Neuroscience
Literacy
Motivational
Style

Black

Asian

Latino/a

Multi

White

(n = 6)

(n = 4)

(n = 17)

(n = 11)

(n = 85)

F(4,
106)

M

SD

M

SD

M

SD

M

SD

M

SD

.69

.14

.60

.05

.57

.17

.65

.14

.69

.13

3.30*

2.46

2.26

1.13

3.72

-1.01

2.91

1.08

1.32

1.35

2.36

3.55*

Note. Range for Neuroscience Literacy mean score is 0 to 1. Range for Motivational Style mean score
is -5 to 8; *p = .01.

Pearson’s correlation analysis was conducted to evaluate the collinearity of the independent
variables. No significant correlation was found between the Neuromyth and Neuroscience
Literacy scales, r = .06. Residual and scatter plots demonstrated that the assumptions of
normality, linearity, and homoscedasticity were satisfied.
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Separate hierarchical regression analyses were used to examine associations of
neuromyth endorsement and neuroscience literacy with each motivational style (i.e., autonomysupportive and controlling). Descriptive statistics are shown in Table 11. Three regression
models explored associations between neuromyth endorsement and neuroscience literacy with
autonomy-supportive motivational style. In the first model, only the covariates (i.e., sex and
ethnicity) were entered. In the second model, the covariates were entered at step one followed by
neuromyth endorsement at step two.
Table 11
Correlation Analysis and Descriptive Statistics for Regression Variables
1

2

3

4

1. Neuromyth Endorsement

1.00

2. Neuroscience Literacy

.06

1.00

3. Autonomy-Supportive Style

-.24*

.18

1.00

4. Controlling Style

-.19

-.08

.35**

1.00

Mean

.32

.67

4.77

3.50

SD

.14

.14

.61

.65

Note. *Significant at the 0.05 level (2-tailed). **Significant at the 0.01 level (2-tailed).
In the final model, covariates were entered at step one, neuromyth endorsement was
entered at step two, and neuroscience literacy was entered at step three (see Table 12). The
multiple regression revealed that the covariates (i.e., sex and ethnicity) explained 5% of the
variance, but did not contribute significantly to the model. Neuromyth endorsement explained an
additional 6% of variation in autonomy-supportive motivational style, R2 = .11, F (1, 104) =
6.80, p = .01. Adding neuroscience literacy to the regression model explained another 5% of the
variation in autonomy-supportive motivational style, R2 = .16, F (1, 103) = 6.83, p = .01.
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Together, neuromyth endorsement and neuroscience literacy accounted for 11% of the variation
in autonomy-supportive motivational style.
Table 12
Summary of Hierarchical Regression Analysis for Variables Predicting Autonomy-Supportive
Motivational Style (N = 112)
Model 1

Model 2

Model 3

B

SE B



B

SE B



B

SE B



Sex

-.12

.15

-.07

-.11

.15

-.07

-.11

.15

-.07

Black

-.37

.26

-.14

-.40

.25

-.15

-.39

.24

-.15

Asian

.47

.31

.14

.41

.30

.13

.51

.30

.16

Latino/a

.10

.17

.06

.05

.17

.03

.18

.17

.10

Multiracial

.07

.20

.03

.08

.19

.04

.13

.19

.06

-1.04*

.40

-.24

-1.10*

.39

-.26

1.10*

.42

.25

Variable

Myth
Literacy
R2

.05

.11

.16

F for change in R2
1.12
6.80*
6.83*
Note: Myth refers to Neuromyth Endorsement and Literacy refers to Neuroscience Literacy;
*p = .01.
The second regression analysis examined associations between neuromyth endorsement
and neuroscience literacy with controlling motivational style. Three regression models explored
the associations between neuromyth endorsement and neuroscience literacy with controlling
motivational style. In the first model, only the covariates (i.e., sex and ethnicity) were entered. In
the second model, the covariates were entered at step one followed by neuromyth endorsement at
step two. In the final model, covariates were entered at step one, neuromyth endorsement was
entered at step two, and neuroscience literacy was entered at step three (see Table 13). The
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multiple regression revealed that at stage one, ethnicity contributed significantly to the regression
model, R2 = .14, F (5, 105) = 3.36, p = .01, and accounted for 14% of the variation in controlling
motivational style. Adding neuromyth endorsement and neuroscience literacy as predictors did
not contribute significantly to the model.

Table 13
Summary of Hierarchical Regression Analysis for Variables Predicting Controlling
Motivational Style (N = 112)
Model 1

Model 2

Model 3

B

SE B



B

SE B



B

SE B



Sex

.17

.16

.10

.17

.16

.10

.17

.16

.10

Black

-.41

.27

-.14

-.43

.26

-.15

-.43

.26

-.15

Asian

.28

.32

.08

.24

.32

.07

.25

.32

.07

Latino/a

.58*

.18

.30

.55*

.18

.29

.56*

.18

.29

Multiracial

-.03

.20

-.01

-.02

.20

-.01

-.01

.20

-.01

.10

-.74

.42

-.16

-.75

.42

-.16

.13

.46

.03

Variable

Myth
Literacy
R2

.14

.16

.16

F for change in R2
3.36*
3.15
.08
Note: Myth refers to Neuromyth Endorsement and Literacy refers to Neuroscience Literacy;
*p < .01.
Summary
The present study examined the endorsement of neuromyths and neuroscience literacy
among pre-service educators, as well as their orientations toward autonomy-supportive or
controlling motivational styles. Associations between pre-service teachers’ knowledge of the
brain (i.e., neuromyth endorsement and neuroscience literacy) and their motivational styles (i.e.,
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autonomy-supportive or controlling) were also explored. Findings indicated that the pre-service
teachers surveyed correctly identified 31.8% of neuromyths and correctly responded to 67% of
the neuroscience literacy statements. Despite strong endorsement for some neuromyths, 70% or
more of participants responded correctly to 11 out of 18 statements relating to neuroscience
literacy. The pre-service teachers studied were also found to have more autonomy-supportive
motivational styles than controlling motivational styles. In the regression analyses, neuromyth
endorsement and neuroscience literacy accounted for 11% of the variation in autonomysupportive motivational style but were not found to be significant predictors of controlling
motivational style; ethnicity accounted for 14% of the variation in controlling motivational style.
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Chapter Five: Discussion
The present study examined the endorsement of neuromyths and neuroscience literacy
among pre-service educators, as well as their orientations toward autonomy-supportive or
controlling motivational styles. Associations between pre-service teachers’ knowledge of the
brain (i.e., neuromyth endorsement and neuroscience literacy) and their motivational styles (i.e.,
autonomy-supportive or controlling) were also explored. As presented in Chapter 4, findings
indicated that despite strong endorsement for some neuromyths, 70% or more of participants
responded correctly to 11 out of 18 statements relating to neuroscience literacy. The pre-service
teachers studied were also found to have more autonomy-supportive motivational styles than
controlling motivational styles. In the regression analyses, neuromyth endorsement and
neuroscience literacy accounted for 11% of the variance in autonomy-supportive motivational
style but were not found to be significant predictors of controlling motivational style; ethnicity
accounted for 14% of the variance in controlling motivational style. This chapter summarizes
key findings in relation to existing literature, discusses their theoretical and practical
implications, describes the limitations of the study, and identifies directions for future research.
The four research questions addressed in the current study were:
1. What is the prevalence of neuromyths among pre-service teachers?
2. What is the neuroscience literacy of pre-service teachers?
3. Do pre-service secondary teachers tend to adopt a more autonomy-supportive or
controlling motivational style?
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4. What are the associations between pre-service teachers’ knowledge of the brain (i.e.,
neuromyth endorsement and neuroscience literacy) and their motivational style (i.e.,
autonomy-supportive or controlling) after controlling for any significant relations among
demographic variables (i.e., sex and ethnicity)?
Prevalence of Neuromyths Among Pre-Service Teachers
Existing research shows that neuromyths are widely accepted by pre- and in-service
educators (Dekker et al., 2012; Dündar & Gündüz, 2016; Ferrero et al., 2016; Grospietsch &
Mayer, 2019; Howard-Jones, 2014; Pei et al., 2015; van Dijk & Lane, 2018). Studies of
neuromyth endorsement among pre-service educators conducted in England (Howard-Jones et
al., 2009), Greece (Papadatou-Pastou et al., 2017), and the United States (Ruhaak & Cook, 2019)
have reported that respondents correctly identified an average of 34.2 percent, 43.62 percent, and
35.6 percent of neuromyth statements, respectively. Given the consistency of findings, it was
expected that the prevalence of neuromyths among pre-service teachers in the present study
would align with prior studies (Howard-Jones et al., 2009; Papadatou-Pastou et al., 2017;
Ruhaak & Cook, 2019). This prediction was confirmed, as the pre-service teachers sampled
correctly identified 31.8% of the neuromyths on the Brain in Education measure. Although this
represents somewhat reduced accuracy, the finding aligns with the study that used a measure
most similar to the Brain in Education conducted by Howard-Jones and colleagues (2009). This
study also extends existing work conducted in the United States, which has emphasized
practicing teachers in adult and special education, offering little insight into neuromyth
acceptance among pre-service teachers.

The consistency of neuromyth endorsement among educators is troubling. Eleven years
separate the present study from the initial study conducted by Howard-Jones and colleagues
(2009), suggesting that little has been done to dispel neuromyths in education and/or that
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neuromyth endorsement is resistant to change. Three of the most widely endorsed neuromyths

are: (1) individuals learn better when they receive information in their preferred learning style
(i.e., the learning styles myth); (2) differences in hemispheric dominance can help explain
individual differences amongst learners (i.e., the hemisphere dominance myth); and (3)

environments that are rich in stimulus improve the brains of pre-school children (i.e., the
enriched environments myth; Dekker et al., 2012; Dündar & Gündüz, 2016; Ferrero et al., 2016;
Pei et al., 2015; van Dijk & Lane, 2018). The results of the present study are compared to prior
research concerning these three common neuromyths in Table 14. No significant differences
were determined for demographic subgroups regarding neuromyth endorsement.
Table 14
Comparison with the Prevalence of Three Popular Neuromyths as Reported in Select Studies

Popular Neuromyths

Percentage of Pre- or In-service Teachers Endorsing
Neuromyths by Nation
United
Latin
United Present
Turkey2
China4
1
3
Kingdom
America
States5 Study

Individuals learn better when
they receive information in
their preferred learning style
(e.g., auditory, visual,
kinesthetic).

93

97.6

91.1

97

63

86

Differences in hemispheric
dominance (i.e., left brain,
right brain) can help explain
individual differences amongst
learners.

91

78.5

67.2

71

62

78

Environments that are rich in
stimulus improve the brains of
pre-school children.

95

81.3

94

89

94

98

Note: 1Dekker et al., 2012; 2Dündar & Gündüz, 2016; 3Ferrero et al., 2016; 4Pei et al., 2015;
5
van Dijk & Lane, 2018
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Prior work suggests that neuromyth endorsement is often resistant to change (Ferrero et

al., 2016; Im et al., 2018; Macdonald et al., 2017). Attending graduate school, reading peerreviewed journals, and taking courses in neuroscience have been found to reduce teachers’
acceptance of neuromyths (Macdonald et al., 2017); however, taking an educational psychology

course was found to improve neuroscience literacy but had no effect on neuromyth endorsement
(Im et al., 2018). Future research may lead to a better understanding of how neuromyths are
perpetuated and how they might be eliminated.
Neuroscience Literacy Among Pre-Service Teachers
Studies among pre-service educators suggest greater variance in neuroscience literacy
than neuromyth endorsement among pre-service teachers (Howard-Jones, 2009; Kim & Sankey,
2018; Papadatou-Pastou et al., 2017). In England, pre-service teachers correctly agreed or
disagreed with an average of 57.19% general assertions about the brain, or 9.15 out of 16 total
statements (Howard-Jones et al., 2009). American pre-service special education teachers
demonstrated 62.5% accuracy, while Australian pre-service teachers responded correctly to an
average of 75.6% (Kim & Sankey, 2018). Given the wide variation in pre-service teachers’
neuroscientific literacy and the lack of research on pre-service teachers in the United States, no
specific hypotheses were made in the present study. Of the pre-service teachers surveyed, 70% or
more responded correctly to 11 out of 18 statements relating to neuroscience literacy. On

average, participants responded correctly to 67% of the neuroscience literacy statements. This
finding falls within the range reported in prior research and adds additional support to research
showing that teachers may demonstrate higher proficiency in neuroscience literacy while

maintaining strong endorsement of neuromyths.
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Although there were no subgroup differences for neuromyth endorsement, there was a
significant ethnic group difference for neuroscience literacy, with White respondents reporting
significantly higher mean scores than Latino/a respondents. This difference may be an artifact of
sampling, as there were five times more White respondents (N = 85) than Latino/a respondents
(N = 17) in the study sample. Although the sample can be considered representative of the
population of American teachers (Hussar et al., 2020) and the College of Education within which
the study was situated, the small sample size of minority groups creates an obstacle to statistical
comparison.
Few prior studies of neuromyths and neuroscience literacy have commented on ethnic
differences or included ethnic diversity within the sample. Of the studies conducted with
participants in the United States (Lethaby & Harries, 2016; Macdonald et al., 2017; Ruhaak &
Cook, 2018; van Dijk & Lane, 2018), only one disclosed the ethnic diversity of the sample (van
Dijk & Lane; 2018). However, the group sizes for minorities were smaller than the present study
and the researchers did not perform any analyses taking ethnic differences into consideration. A
multi-national study of in-service teachers in England and the Netherlands reported that
nationality was a predictor neuroscience literacy, but not neuromyth endorsement (Dekker et al.,
2012). In the study, Dutch teachers demonstrated higher proficiency than teachers in England.
Interest in reading popular science magazines served as an additional predictor of neuroscience
literacy (Dekker et al., 2012). Another multi-national study including participants from Peru,
Argentina, and Chile found differences between nations in Latin America (Gleichgerrcht et al.,
2015). When compared to Argentinian and Chilean teachers, Peruvian educators demonstrated
the lowest neuroscience literacy and the greatest endorsement of neuromyths. However, the
differences were small and the authors speculated that they may have arisen from greater
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diversity within the Peruvian sample in comparison to the samples from Argentina and Chile.
Further work comparing cultural, ethnic, and/or national differences is needed in order to draw
firmer conclusions.
Motivational Style of Pre-Service Teachers
Research suggests that in-service teachers are more likely to adopt a controlling
motivational style (Reeve, 2009); however, there is little research examining the motivational
styles of pre-service teachers. In the present study, data from the Problems in Schools
Questionnaire (Deci et al., 1981) was examined in three ways: as a composite score, as a
comparison between the averages of the autonomy-supportive and controlling subscales, and as a
comparison between the highly autonomy-supportive and highly controlling subscales. There
was a convergence of evidence among the three analyses suggesting that pre-service teachers in
the present study adopted an autonomy-supportive motivational style. This finding is
encouraging because teachers who self-identify as autonomy-supportive tend to teach in an
autonomy-supportive manner (Reeve et al., 1999) and autonomy-supportive teaching is
associated with higher intrinsic motivation, greater perceived competence, improved academic
persistence, and enhanced well-being among students (Jang et al., 2010; Reeve, 2006; Ruzek et
al., 2016, Stroet et al, 2013).
This finding represents a departure from prior studies of in-service educators, who tend to
adopt a more controlling style (Reeve, 2009). In addition, the pre-service teachers surveyed had a
more autonomy-supportive orientation than pre-service teachers studied by Reeve and colleagues
(1999). Three beliefs have been found predictive of teachers’ motivating styles, including
perceptions about the style’s effectiveness, the ease of implementation, and how normative or
typical the style is within the cultural context (Reeve et al., 2014). Perhaps the respondents in
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this study represent changing beliefs within one or more of these areas. If so, these changes may
be occurring on a generational level (i.e., younger teachers may have more favorable beliefs
regarding autonomy-supportive style), or they may be reflective of changes within teacher
preparatory programs. Further research is needed to replicate these findings within various
contexts. Despite ample research investigating the efficacy of interventions designed to
encourage an autonomy-supportive style among educators (Jennings et al., 2011; Kaur et al.,
2015; Perlman, 2015; Reeve et al., 2004; Reeve et al., 2014) little recent research considers
teachers’ attitudes toward autonomy-supportive or controlling styles or how teacher education
programs may shape these attitudes.
Within the sample studied, one ethnic group was oriented toward a more controlling
style. Specifically, respondents who identified as Latino/a embraced a more controlling
motivational style. This may reflect cultural or ethnic differences in beliefs about control,
consistent with research relating to motivational orientations (Reeve et al., 2014) and parenting
styles (Smetana, 2017). In a multinational comparison study, Reeve and colleagues (2014) found
that educators from collectivistic nations tended toward a controlling style and considered it a
culturally normative classroom practice. Although the present study is situated within an
individualistic nation, nations associated with Latino/a cultures are often more collectivistic than
the United States. The southeast United States has a large immigrant population originating from
countries throughout Central America, Cuba, Puerto Rico, and Mexico, which may reflect the
heritage of some of the respondents in the present study. Authoritarian parenting, which is
typified by high levels of control, has been also found to be more common among ethnic and
racial minority parents in the United States and among families with lower socioeconomic status
(Smetana, 2017). Thus, it is possible that cultural influences contributed to this difference in
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motivational style. It is worth noting that there may have been further ethnic and cultural
differences among the groups studied; however, these differences may have been muted or
obscured by low representation within the sample.
Prior studies involving the PS Questionnaire have failed to comment on ethnic
differences in their results. However, studies that used the measure with non-English speaking
participants or with participants who do not speak English as a first language (i.e., in Italy and in
Taiwan) identified a need to adapt the measure by shortening or omitting parts of the
questionnaire (Alivernini et al., 2012; d’Ailly, 2003). Therefore, it is possible that language may
serve as an additional influence over participants’ responses on the PS Questionnaire and may
have also contributed to the differences described within the present study.
Relations Between Knowledge of the Brain and Motivational Style
The final research question sought to explore relations between pre-service teachers’
knowledge of the brain (i.e., neuromyth endorsement and neuroscience literacy) and motivational
styles (i.e., autonomy-supportive and controlling). This represents a unique contribution to
existing research, as no prior studies were found exploring links between teachers’ understanding
of the brain and need supportive teaching. Neuromyth endorsement and neuroscience literacy
were each found to be significant predictors of autonomy-supportive style and together they
accounted for 11% of the variance in autonomy-supportive style. Neuromyth endorsement was
negatively related; a positive association was found between neuroscience literacy and
autonomy-supportive style. This finding provides some preliminary support for the hypothesis
that teachers who have greater insight into their students’ brain development may engage in more
responsive teaching practices, such as the adoption of an autonomy-supportive motivational
style. However, the precise relation between these variables, including the establishment of
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causality or directionality cannot be determined from the present study. It is also bears
mentioning that the poor internal consistency of the Brain in Education measure may have
influenced the strength of the predictors; however, the anticipated effect would be a weakening
of the predictors’ strength. Thus, it is possible that neuromyth endorsement and neuroscience
literacy are stronger predictors of autonomy-supportive style than the present research indicates.
Neither neuromyth endorsement nor neuroscience literacy were established as significant
predictors of controlling motivational style. In the regression model, only ethnicity emerged as a
significant predictor, accounting for 14% of the variation. Among the ethnic groups surveyed,
there was only a positive relation between Latino/a group membership and the adoption of a
controlling motivational style. Given the findings for research question 3, this was not a
surprising result. It has been hypothesized that rather than existing on a spectrum, autonomysupportive and controlling motivational styles represent two distinct motivational orientations
(Reeve et al., 2014). Although an association has been found between collectivism and
controlling style, a similar relation has not been found between individualism and autonomysupportive style (Reeve, 2014). Thus, it makes sense that separate and unrelated variables may
uniquely predict each motivational style. Further research is needed in order to better understand
how teachers’ attitudes toward autonomy-supportive and controlling motivational styles develop
and if separate factors contribute to the adoption of one style over the other.
Theoretical and Practical Implications
The current research has theoretical implications for integrating brain science research
with the literature on need supportive teaching and self-determination theory. Despite a focus on
how teachers can promote students’ basic psychological need satisfaction in recent research
(Jang, Reeve, & Deci, 2010; Reeve, 2006; Stroet, Opdenakker, & Minnaert, 2013; Stroet,
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Opdenakker, & Minnaert, 2015), little attention has been given to the role of brain development
and implications for educators’ responsive teaching. This study does not directly investigate the
challenge of incorporating brain research with educational research centered on need supportive
teaching practices. Rather, it serves as an initial step toward conceptualizing how this might be
done and contributes to efforts seeking to bridge neuroscience and education.
The present study found an association between teachers’ knowledge of the brain,
operationalized as their endorsement of neuromyths and neuroscience literacy, and an orientation
toward autonomy-supportive style. In particular, teachers who were less inclined to endorse
neuromyths and who demonstrated greater neuroscience literacy were also more likely to
identify with an autonomy-supportive motivational style. This suggests that improving teachers’
understanding of the brain and its development may contribute to responsive teaching practices.
Although more work is needed in order to firmly establish this connection and to understand the
underlying mechanisms, this marks an important step toward demonstrating the value of
neuroeducation. Even if neuromyths resist change, improving neuroscience literacy represents a
way to improve teachers’ understanding of the brain, which may position educators to better
support their students’ needs in school. Thus, efforts to improve neuroscience literacy among
pre- and in-service teachers and to minimize neuromyth endorsement are warranted. Currently,
there are no national standards related to teachers’ understanding of the brain. However,
research-based resources are available to educators and teacher education programs, such as the
online resource library from The Center on the Developing Child at Harvard University.
Ensuring that teachers receive accurate information during educator preparation programs and
in-service training may support educators as more critical consumers of products and information
related to brain development and learning, while reducing the perpetuation of neuromyths and
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improving neuroscience literacy among current and future educators. Future research
investigating neuromyths and neuroscience literacy among faculty and instructors in educator
preparation programs can inform effective professional development and help to ensure that preservice teachers receive correct information during their training.
The finding that pre-service teachers in the present study were more oriented toward
autonomy-supportive than controlling style has theoretical and practical implications.
Understanding pre- and in-service teachers’ attitudes toward motivational styles and how these
attitudes develop and change could have important implications for promoting autonomysupportive style in the classroom. If past research has shown that practicing teachers tend toward
a controlling orientation (Reeve, 2009), then what mechanisms account for the difference among
the pre-service teachers sampled in the present study? Better understanding of this shift, if it is
indeed a shift, could help to inform training for both pre-service and in-service educators.
Further, recognizing cultural differences in beliefs about control and autonomy-support may
ensure more culturally sensitive teacher training.
The current study also has practical implications for teacher education and professional
development as well as the allocation of educational resources. Improved understanding of
neuroscience literacy and the prevalence of neuromyths among pre-service teachers can assist
efforts to improve teacher education (Dündar & Gündüz, 2016) by providing insight into preservice teachers’ knowledge of and misconceptions about the brain, awareness of needsupportive classroom practices, and the associations between knowledge of the brain and
responsive teaching practices.
Among the most accepted neuromyths in the present study were ideas central to the
process of learning. Eighty-six percent of the pre-service teachers surveyed endorsed the learning
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styles myth, 78 percent endorsed the hemisphere dominance myth, and 98 percent endorsed the
idea that motor coordination exercises can improve collaboration between the right and left
hemisphere of the brain. Belief in ideas such as these may lead teachers to incorporate activities
in the classroom that have not been shown to improve students’ learning, representing a waste of
classroom time and resources. With regard to neuroscience literacy, pre-service teachers in the
present study demonstrated several misconceptions about the brain. Only 37 percent correctly
agreed that the left and right hemispheres always work together, while another 37 percent failed
to agree that learning requires conscious attention. Misunderstandings about how the brain
functions and learns may affect teachers’ decision-making about how to best support learning in
the classroom. Greater insight into which myths and misconceptions are most prevalent among
pre-service teachers, as well as how they inform classroom practice and decision-making, may
shed light upon which myths and misconceptions are most important to combat via teacher
education.
Limitations and Future Directions
The current study investigated neuromyth endorsement and neuroscience literacy among
pre-service teachers, as well as their motivational styles and associations between their
knowledge of the brain and orientations toward autonomy-support or control. However, there
were a few notable limitations. These include the use of self-reported data, convenience
sampling, correlational design, and the psychometric properties of the measures.
Self-reported data is appropriate for gauging teachers’ knowledge and perceptions but is
vulnerable to bias. Two studies (Ferrero, Garaizar, & Vadillo, 2016; Tardif et al., 2015) that used
Agree/Disagree response categories discussed the possibility of introducing acquiescence bias, or
the tendency to agree with positively formulated statements. This may explain the observed
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pattern of higher neuromyth endorsement among teachers with greater neuroscience literacy
(Ferrero et al., 2016; Tardif et al., 2015). However, Dekker et al. (2012) suggest that this trend
may be a consequence of teachers’ inability to discriminate accurate from inaccurate information
about the brain due to lack of neuroscience expertise. Future studies should consider the use of
multiple methods (e.g., self-reported surveys, observation studies, interviews, etc.) to address the
limitations of self-reported data.
Convenience sampling represents a further limitation of the study. Data were collected
from the university attended by the primary investigator, improving the ease of access to the
sample of pre-service teachers. Future research investigating different sample populations will be
necessary to determine if the findings of the proposed study are generalizable to pre-service
educators in the United States and other nations. In addition, the sample size for some of the
subgroups in the study were too small for significant statistical comparison.
The use of a correlational design represents another limitation of the study and prevents
the determination of a causal relationship between understanding brain development and
adopting an autonomy-supportive or controlling motivational style. Rather, the current study
represents an initial step toward considering how knowledge of the brain may contribute to preservice educators’ adoption of autonomy- supportive or controlling motivational styles. Within
the broader context, this may have implications for integrating research on brain development
with theories of need supportive teaching. Future work is needed to establish the extent to which
understanding brain development influences teachers’ motivational styles and need supportive
teaching practices, as well as how to prevent the perpetuation of neuromyths and improve
neuroscience literacy among pre-service educators.
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The performance of the Problems in Schools (PS) Questionnaire and the Brain in
Education measure limit the strength of conclusions drawn in the present study. Findings from
prior research investigating the PS Questionnaire (Reeve et al., 1999) have been replicated,
including a positive correlation between the Moderately Autonomy-Supportive and Moderately
Controlling subscales similar to the finding in the present study. For this reason, the Moderately
Autonomy-Supportive subscale was excluded from the calculation to determine a composite
score for respondents’ motivational style. However, further validation and refinement of the PS
Questionnaire is warranted in order to improve future research investigating motivational styles
among pre- and in-service teachers using this measure.
Despite widescale use of measures related to the Brain in Education (Bailey, Madigan,
Cope, & Nicholls, 2018; Canbulat & Kiriktis, 2017; Dekker et al., 2012; Deligiannidi &
Howard-Jones, 2015; Dündar & Gündüz, 2016; Ferrero et al., 2016; Gleichgerrcht, Luttges,
Salvarezza, & Campos, 2015; Grospietsch & Mayer, 2019; Howard-Jones et al., 2009; Kim &
Sankey, 2018; Lethaby & Harries, 2016; Papadatou-Pastou et al., 2017; Pei, Howard-Jones,
Zhang, Lui, & Jin, 2015; van Dijk & Lane, 2018; Zhang, Jiang, Dang, & Zhou, 2019), there are
concerns about the internal consistency of the measure. The Brain in Education measure was
recently validated by van Dijk and Lane. (2018) and the 33-item measure was found to have poor
internal consistency with a Cronbach’s alpha = .60 (with 95% CI, .52-.69; personal
communication, October 28). In work with related measures, Sarrasin et al. (2019) reported a
Cronbach’s alpha of .79 for a five-item measure of neuromyths and Canbulat and Kiriktas (2017)
reported a Cronbach’s alpha of .68 for a 31-item measure, including neuromyths and facts about
the brain. In the present study, the Brain in Education measure had poor internal consistency.
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The Cronbach’s alpha for the total scale was .55. The alphas for the neuromyth statements and
neuroscience literacy statements were .56 and .55, respectively.
Most existing studies of neuromyth endorsement and neuroscience literacy build upon
work by Howard-Jones and colleagues (2009) and Dekker and colleagues (2012). Indeed,
measures used in these studies form the basis of the Brain in Education measure (van Dijk &
Lane, 2018). When the present study began, no other measures of neuromyth endorsement and
neuroscience literacy had been validated with educators. In the intervening years, researchers
have begun to scrutinize how neuromyths and neuroscience literacy have been operationalized,
offering suggestions for improvement and alternative measures (Hughes et al., 2020; Tovazzi et
al., 2020). Future research may consider identifying which neuromyths and aspects of
neuroscience literacy are most relevant to classroom practice. For instance, although the idea that
“environments that are rich in stimulus improve the brains of preschool children” is identified as
a neuromyth, there is evidence that early childhood programs benefit children by leveraging
early sensitive periods for learning (van Aswegan & Pendergast, 2015). Refining the language of
this statement to include a more specific description of enrichment would provide more targeted
understanding of teachers’ ideas about how environmental stimuli influence early learning.
Furthermore, statements such as “boys have bigger brains than girls” have little bearing on
classroom practice or decision-making and thus have little to offer in terms of practical
applications for teachers or teacher education. The development and validation of improved
measures for studying neuromyths and neuroscience literacy is vital to continued research
involving these concepts and can serve to better inform teacher practice and education.
The findings of the present study provide some insight into pre-service teachers’
knowledge of the brain, motivational orientations, and associations between neuromyths,
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neuroscience literacy, and motivational style. Future research utilizing more valid and reliable
measures of neuromyths and neuroscience literacy is necessary in order to replicate and extend
the present findings. In addition, the present study does not provide insight into how pre-service
teachers’ endorsement of myths and misconceptions impacts classroom practice and decisionmaking. Future research including teacher interviews and classroom observations may shed light
on how these ideas influence teaching. Investigating the role of educational policy,
policymakers, and other potential sources of misinformation, such as pediatricians or other
medical personnel, may provide further insight into how neuromyths arise and how to minimize
them among educators and within the general population, Understanding the disparity between
past research and the present study concerning teachers’ motivational orientations may be useful
for creating effective teacher education programs and professional development designed to
encourage responsive teaching. Finally, there is a need for additional work investigating the
relation between knowledge of the brain and motivational style, as well as how these concepts
may work together to inform responsive teaching practices.
Conclusion
In conclusion, this study contributes to the literature by providing some insight into preservice teachers’ knowledge of the brain and motivational orientations. It also establishes some
preliminary evidence of a relation between pre-service teachers’ endorsement of neuromyths and
neuroscience literacy and their orientation toward an autonomy-supportive motivational style.
The pre-service teachers sampled in the present study demonstrated similar endorsement of
neuromyths and neuroscience literacy to prior studies. However, in a departure from prior
research, they were found to identify with more autonomy-supportive rather than controlling
motivational styles. A significant relation was determined between endorsing fewer neuromyths
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and demonstrating greater neuroscience literacy and the adoption of an autonomy-supportive
motivational style. These findings serve to support and extend existing research, in addition to
providing preliminary evidence of a potential link between knowledge of the brain and
responsive teaching practices. However, additional investigation is warranted employing
improved measures, a larger sample size, and keener insight into how these ideas and beliefs
influence classroom practice, decision-making, and student outcomes.
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Guyer, A. E., Pérez-Edgar, K., & Crone, E. A. (2018). Opportunities for neurodevelopmental
plasticity from infancy through early adulthood. Child Development, 89(3), 687-697.
http://dx.doi.org/10.1111/cdev.13073
Guyer, A. E., Silk, J. S., & Nelson, E. E. (2016). The neurobiology of the emotional adolescent:
From the inside out. Neuroscience and Biobehavioral Reviews, 70, 74-85.
http://dx.doi.org/10.1016/j.neubiorev.2016.07.037
Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2014). Multivariate data analysis (7th
edition). Pearson.
Herculano-Houzel, S. (2002). Do you know your brain? A survey on public neuroscience literacy
at the closing of the decade of the brain. The Neuroscientist, 8(2), 98-110.
http://dx.doi.org/10.1177/107385840200800206
Hodgkinson, T. & Parks, S. (2016). Teachers as air traffic controllers: Helping adolescents
navigate the unfriendly skies of executive functioning. The Clearing House: A Journal of
Educational Strategies, Issues, and Ideas, 89(6), 208-214.
http://dx.doi.org/10.1080/00098655.2016.1214472
Hook, C. J., & Farah, M. J. (2013). Neuroscience for educators: What are they seeking, and what
are they finding? Neuroethics, 6(2), 331-341. http://dx.doi.org/10.1007/s12152-0129159-3
Howard-Jones, P. (2010). Introducing neuroeducational research: Neuroscience, education, and
the brain from contexts to practice. Routledge.

118

Howard-Jones, P. A. (2014). Neuroscience and education: Myths and messages. Nature Review
Neuroscience, 15(12), 817-824. http://dx.doi.org/10.1038/nrn3817
Howard-Jones, P., Franey, L., Mashmoushi, R., and Liao, Y. C. (2009, September). The
neuroscience literacy of trainee teachers. Paper presented at the British Educational
Research Association Annual Conference.
Hughes, B., Sullivan, K. A., & Gilmore, L. (2020). Why do teachers believe educational
neuromyths? Trends in Neuroscience and Education, 21, 100145.
https://doi.org/10.1016/j.tine.2020.100145
Hussar, B., Zhang, J., Hein, S., Wang, K., Roberts, A., Cui, J., Smith, M., Bullock Mann, F.,
Barmer, A., & Dilig, R. (2020). The Condition of Education 2020 (NCES 2020-144).
U.S. Department of Education. Washington, DC: National Center for Education
Statistics. https://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2020144.
Im, S., Cho, J., Dubinsky, J. M., & Varma, S. (2018). Taking an educational psychology course
improves neuroscience literacy but does not reduce belief in neuromyths. PLOS ONE,
13(2), 1-19. https://doi.org/10.1371/journal.pone.0192163
Immordino-Yang, M. H., Darling-Hammond, L., & Krone, C. R. (2019). Nurturing nature: How
brain development is inherently social and emotional, and what this means for education.
Educational Psychologist, 54(3), 185-204.
http://dx.doi.org/10.1080/00461520.2019.1633924
Jang, H., Reeve, J., & Deci, E. (2010). Engaging students in learning activities: It is not
autonomy support or structure but autonomy support and structure. Journal of
Educational Psychology, 102(3), 588-600. https://doi.org/10.1037/a0019682

119

Jennings, P. A., Snowberg, K. E., Coccia, M. A., Greenberg, M. T. (2011). Improving classroom
learning environments by cultivating awareness and resilience in education (CARE):
Results of two pilot studies. Journal of Classroom Interaction, 46(1), 37-48.
https://doi.org/10.1037/spq0000035
Juraska, J. M., & Willing, J. (2017). Pubertal onset as a critical transition for neural development
and cognition. Brain Research, 1654, 87-94.
https://doi.org/10.1016/j.brainres.2016.04.012
Karakus, O., Howard-Jones, P. A., & Jay, T. (2015). Primary and secondary school teachers’
knowledge and misconceptions about the brain in Turkey. Procedia Social and
Behavioral Sciences, 174, 1933-1940. https://doi.org/10.1016/j.sbspro.2015.01.858
Katz, I., & Assor, A. (2007). When choice motivates and when it does not. Educational
Psychology Review, 19(4), 429-442. http://dx.doi.org/10.1007/s10648-006-9027-y
Kaur, A., Hashim, R. A., & Noman, M. (2015). Teacher autonomy support intervention as a
classroom practice in a Thai school. Journal for Multicultural Education, 9(1), 10-27.
http://dx.doi.org/10.1108/JME-07-2014-0033
Kiefer, S. M., Ellerbrock, C. R., & Alley, K. (2014). The role of responsive teacher practices in
supporting academic motivation at the middle level. Research in Middle Level Education
Online, 38(1), 1-16. https://doi.org/10.1080/19404476.2014.11462114
Kilford, E. J., Garrett, E., & Blakemore, S. (2016). The development of social cognition in
adolescence: An integrated perspective. Neuroscience and Biobehavioral Reviews, 70,
106-120. https://doi.org/10.1016/j.neubiorev.2016.08.016

120

Kim, M., & Sankey, D. (2018). Philosophy, neuroscience and pre-service teachers’ beliefs in
neuromyths: A call for remedial action. Educational Philosophy and Theory, 50(13),
1214-1227. https://doi.org/10.1080/00131857.2017.1395736
Kirschner, P. A. (2017). Stop propagating the learning styles myth. Computers and Education,
106, 166-171. https://doi.org/10.1016/j.compedu.2016.12.006
Kline, R. B. (2011). Principles and practice of structural equation modeling (5th edition). The
Guilford Press.
Knoll, L. J., Magis-Weinberg, L., Speekenbrink, M., & Blakemore, S. J. (2015). Social influence
on risk perception during adolescence. Psychological Science, 26(5), 583-592.
https://doi.org/10.1177/0956797615569578
Lethaby, C., & Harries, P. (2016). Learning styles and teacher training: Are we perpetuating
neuromyths? ELT Journal, 70(1), 16-27. https://doi.org/10.1093/elt/ccv051
Lindell, A. K., & Kidd, E. (2011). Why right-brain teaching is half-witted: A critique of the
misapplication of neuroscience to education. Mind, Brain, and Education, 5(3), 121-127.
https://doi.org/10.1111/j.1751-228X.2011.01120.x
Macdonald, K., Germine, L., Anderson, A., Christodoulou, J., & McGrath, L. M. (2017).
Dispelling the myth: Training in education or neuroscience decreases but does not
eliminate beliefs in neuromyths. Frontiers in Psychology, 8, 1-16.
https://doi.org/10.3389/fpsyg.2017.01314
Morita, T., Asada, M., & Nato, E. (2016). Contribution of neuroimaging studies to understanding
development of human cognitive brain functions. Frontiers in Human Neuroscience, 10,
1-14. https://doi.org/10.3389/fnhum.2016.00464

121

Murty, V. P., Calabro, F., & Luna, B. (2016). The role of experience in adolescent cognitive
development: Integration of executive, memory, and mesolimbic systems. Neuroscience
and Biobehavioral Reviews, 70, 46-58. https://doi.org/10.1016/j.neubiorev.2016.07.034
Newton, P. M., & Miah, M. (2017). Evidence-based higher education—Is the learning styles
‘myth’ important? Frontiers in Psychology, 8, 1-9.
https://doi.org/10.3389/fpsyg.2017.00444
Organization for Economic Co-operation and Development [OECD] (2002). Understanding the
brain: Towards a new learning science. Organization for Economic Co-operation and
Development.
Organization for Economic Co-operation and Development [OECD] (2007). Understanding the
brain: The birth of a learning science. Organization for Economic Co-operation and
Development.
Papadatou-Pastou, M., Haliou, E., & Vlachos, F. (2017). Brain knowledge and the prevalence of
neuromyths among prospective teachers in Greece. Frontiers in Psychology, 8, 1-13.
https://doi.org/10.3389/fpsyg.2017.00804
Pasquinelli, E. (2012). Neuromyths: Why do they exist and persist? Mind, Brain, and Education,
6(2), 89-96. https://doi.org/10.1111/j.1751-228X.2012.01141.x
Pei, X., Howard-Jones, P. A., Zhang, S., Lui, X., & Jin, Y. (2015). Teachers’ understanding
about the brain in East China. Procedia Social and Behavioral Sciences, 174, 3681-3688.
https://doi.org/10.1016/j.sbspro.2015.01.1091
Perlman, D. (2015). Assisting preservice teachers toward more motivationally supportive
instruction. Journal of Teaching in Physical Education, 34(1), 119-130.
http://dx.doi.org/10.1123/jtpe.2013-0208

122

Pickering, S. J., & Howard-Jones, P. (2007). Educators’ views on the role of neuroscience in
education: Findings from a study of UK and international perspectives. Mind, Brain, and
Education, 1(3), 109-113. https://doi.org/10.1111/j.1751-228X.2007.00011.x
Piekarski, D. J., Johnson, C. M., Boivin, J. R., Thomas, A. W., Lin, W. C., Delevich, K.,
Galarce, E. M., & Wilbrecht, L. (2017). Does puberty mark a transition in sensitive
periods for plasticity in the associative neocortex? Brain Research, 1654, 123-144.
https://doi.org/10.1016/j.brainres.2016.08.042
Prince, P., & Gifford, K. (2016). Working memory goes to school. Applied Neuropsychology:
Child, 5(3), 194-201. https://doi.org/10.1080/21622965.2016.1167502
Rato, J. R., Abreu, A. M., & Castro-Caldas, A. (2013). Neuromyths in education: What is fact
and what is fiction for Portuguese teachers? Educational Research, 55(4), 441-453.
http://dx.doi.org/10.1080/00131881.2013.844947
Reeve, J. (2006). Teachers as facilitators: What autonomy-supportive teachers do and why their
students benefit. The Elementary School Journal, 106(3), 225-236.
https://doi.org/10.1086/501484
Reeve, J., Bolt, E., & Cai, Y. (1999). Autonomy-supportive teachers: How they teach and
motivate students. Journal of Educational Psychology, 91(3), 537-548.
http://dx.doi.org/10.1037/0022-0663.91.3.537
Reeve, J., Jang, H., Carrell, D., Jeon, S., & Barch, J. (2004). Enhancing students’ engagement by
increasing teachers’ autonomy support. Motivation and Emotion, 28, 147-169.
http://dx.doi.org/10.1023/B:MOEM.0000032312.95499.6f
Reeve, J., & Lee, W. (2019). A neuroscientific perspective on basic psychological needs. Journal
of Personality, 87(1), 102-114. https://doi.org/10.1111/jopy.12390

123

Reeve, J., Vansteenkiste, M., Assor, A., Ahmad, I., Cheon, S. H., Jang, H., Kaplan, H., Moss, J.
D., Olaussen, B. S., & Wang, C. K. J. (2014). The beliefs that underlie autonomysupportive and controlling teaching: A multinational investigation. Motivation and
Emotion, 38(1), 93 - 110. https://doi.org/10.1007/s11031-013-9367-0
Rogowsky, B. A., Calhoun, B. M., & Tallal, P. (2020). Providing instruction based on students’
learning style preferences does not improve learning. Frontiers in Psychology, 11, 1-7.
https://doi.org/10.3389/fpsyg.2020.00164
Rohrer, D. & Pashler, H. (2012). Learning styles: Where’s the evidence? Medical Education,
46(7), 634-635. https://doi.org/10.1111/j.1365-2923.2012.04273.x
Romer, D., Reyna, V. F., & Satterthwaite, T. D. (2017). Beyond stereotypes of adolescent risk
taking: Placing the adolescent brain in developmental context. Developmental Cognitive
Neuroscience, 27, 19-34. http://dx.doi.org/10.1016/j.dcn.2017.07.007
Ruhaak, A. E., & Cook, B. G. (2018). The prevalence of educational neuromyths among preservice special education teachers. Mind, Brain, and Education, 12(3), 155-161.
https://doi.org/10.1111/mbe.12181
Ruzek, E. A., Hafen, C. A., Allen, J. P., Gregory, A., Mikami, A. Y., & Pianta, R. C. (2016).
How teacher emotional support motivates students: The mediating roles of perceived peer
relatedness, autonomy support, and competence. Learning and Instruction, 42, 95-103.
http://dx.doi.org/10.1016/j.learninstruc.2016.01.004
Sarrasin, J. B., Riopel, M., & Masson, S. (2019). Neuromyths and their origin among teachers in
Quebec. Mind, Brain, and Education, 13(2), 100-109. https://doi.org/10.1111/mbe.12193

124

Schwartz, M. S., Hinesley, V., Chang, Z., & Dubinsky, J. M. (2019). Neuroscience knowledge
enriches pedagogical choices. Teaching and Teacher Education, 83, 87-98.
https://doi.org/10.1016/j.tate.2019.04.002
Serpati, L., & Loughan, A. R. (2012). Teacher perceptions of neuroeducation: A mixed methods
survey of teachers in the United States. Mind, Brain, and Education, 6(3), 174-176.
https://doi.org/10.1111/j.1751-228X.2012.01153.x
Sheldon, K. M., & Niemiec, C. P. (2006). It’s not just the amount that counts: Balanced need
satisfaction also affects well-being. Journal of Personality and Social Psychology, 91(2),
331-341. https://doi.org/10.1037/0022-3514.91.2.331
Sierens, E., Vansteenkiste, M., Goossens, L., Soenens, B. & Dochy, F. (2009). The synergistic
relationship of perceived autonomy support and structure in the prediction of selfregulated learning. British Journal of Educational Psychology, 79, 57-68.
https://doi.org/10.1348/000709908X304398
Smetana, J. G. (2017). Current research on parenting styles, dimensions, and beliefs. Current
Opinion in Psychology, 15, 19-25. http://dx.doi.org/10.1016/j.copsyc.2017.02.012
Spear, L. P. (2013). Adolescent neurodevelopment. Journal of Adolescent Health, 52(2), S7-S13.
http://dx.doi.org/10.1016/j.jadohealth.2012.05.006
Steinberg, L. (2015). How to improve the health of American adolescents. Perspectives on
Psychological Science, 10(6), 711-715. https://doi.org/10.1177/1745691615598510
Stroet, K., Opdenakker, M., & Minnaert, A. (2013). Effects of need supportive teaching
on early adolescents’ motivation and engagement: A review of the literature. Educational
Research Review, 9, 65-87. https://doi.org/10.1016/j.edurev.2012.11.003

125

Stroet, K., Opdenakker, M., & Minnaert, A. (2015). Need supportive teaching in practice: A
narrative analysis in schools with contrasting educational approaches. Social Psychology
of Education, 18(3), 585-613. https://doi.org/10.1007/s11218-015-9290-1
Tardif, E., Doudin, P., & Meylan, N. (2015). Neuromyths among teachers and student teachers.
Mind, Brain, and Education, 9(1), 50-59. https://doi.org/10.1111/mbe.12070
Thomas, M. S. C., Ansari, D., & Knowland, V. C. P. (2018). Annual research review:
Educational neuroscience progress and prospects. The Journal of Child Psychology and
Psychiatry, 60(4), 477-492. https://doi.org/10.1111/jcpp.12973
Tovazzi, A., Giovannini, S., & Basso, D. (2020). A new method for evaluating knowledge,
beliefs, and neuromyths about the mind and brain among Italian teachers. Mind, Brain,
and Education, 14(2), 187-198. https://doi.org/10.1111/mbe.12249
van Aswegen, C., & Pendergast, D. (2015). Evaluating an enrichment program in early
childhood: A multi-methods approach. International Research in Early Childhood
Education, 6(1), 38-61. https://doi.org/10.4225/03/58100B8962960
van Duijvenvoorde, A. C. K., Peters, S., Braams, B. R., & Crone, E. A. (2016). What motivates
adolescents? Neural responses to rewards and their influence on adolescents’ risk taking,
learning, and cognitive control. Neuroscience and Biobehavioral Reviews, 70, 135-147.
https://doi.org/10.1016/j.dcn.2015.12.010
van Dijk, W., & Lane, H. B. (2018). The brain and the US education system: Perpetuation of
neuromyths. Exceptionality, 1-14. https://doi.org/10.1080/09362835.2018.1480954
Varma, S., McCandliss, B. D., & Schwartz, D. L. (2008). Scientific and pragmatic challenges for
bridging education and neuroscience. Educational Researcher, 37(3), 140-152.
https://doi.org/10.3102/0013189X08317687

126

Voss, P. (2013). Sensitive and critical periods in visual sensory deprivation. Frontiers in
Psychology, 4, 1-13. https://doi.org/10.3389/fpsyg.2013.00664
Waber, D. P., De Moor, C., Forbes, P. W., Almli, C. R., Botteron, K. N., Leonard, G., Milovan,
D., Paus, T., & Rumsey. (2007). The NIH MRI study of normal brain development:
Performance of a population based sample of healthy children aged 6 to 18 years on a
neuropsychological battery. Journal of the International Neuropsychological Society,
13(5), 729-746. https://doi.org/10.1017/S1355617707070841
Wang, M., & Eccles, J. S. (2013). School context, achievement motivation, and academic
engagement: A longitudinal study of school engagement using a multidimensional
perspective. Learning and Instruction, 28, 12-23.
http://dx.doi.org/10.1016/j.learninstruc.2013.04.002
Yeager, D. S., Dahl, R. E., & Dweck, C. S. (2018) Why interventions to influence
adolescent behavior often fail but could succeed. Perspectives on Psychological Science,
13(1), 101-122. https://doi.org/10.1177/1745691617722620
Zelazo, P.D., & Carlson, S. M. (2012). Hot and cool executive function in childhood and
adolescence: Development and plasticity. Child Development Perspectives, 6(4), 354360. https://doi.org/10.1111/j.1750-8606.2012.00246.x
Zhang, R., Jiang, Y., Dang, B., & Zhou, A. (2019). Neuromyths in Chinese classrooms:
Evidence from headmasters in an underdeveloped region of China. Frontiers in
Education, 4, 1-6. https://doi.org/10.3389/feduc.2019.00008

127

Appendices

128

Appendix A: Consent Form
Informed Consent to Participate in Research
Information to Consider Before Taking Part in this Research Study
Title: Pre-service Teachers' Knowledge of Brain Development: Implications for Motivational
Style
Study # 273
Overview: You are being asked to take part in a research study. The information in this
document should help you to decide if you would like to participate. The sections in this
Overview provide the basic information about the study. More detailed information is provided
in the remainder of the document.
Study Staff: This study is being led by Katie Jansen who is a doctoral student at the University
of South Florida. This person is called the Principal Investigator. She is being guided in this
research by Dr. Sarah Kiefer. Other approved research staff may act on behalf of the Principal
Investigator.
Study Details: This study is being conducted at the University of South Florida. The purpose of
the study is to learn about pre-service teachers’ knowledge about the brain as well as their
motivational styles. Participation in this study is anonymous and involves the completion of a
10- to 15-minute online survey.
Participants: You are being asked to take part because you are a pre-service teacher. We want to
learn about your understanding of the brain and your motivational style.
Voluntary Participation: Your participation is voluntary. You do not have to participate and may
stop your participation at any time. There will be no penalties or loss of benefits or opportunities
if you do not participate or decide to stop once you start. If your instructor offers extra credit for
your participation in the study, then an assignment requiring similar time and effort will be
offered as a non-research alternative. Your decision to participate or not to participate will not
affect your student status, course grade, recommendations, or access to future courses or training
opportunities.
Benefits, Compensation, and Risk: Your participation in this study may benefit future preservice teachers by informing the design of teacher education programs and professional
development. Participants who complete the survey will receive teacher resources identifying
strategies for supporting students’ brain development and motivation in school. At their
discretion, instructors in the College of Education may provide extra credit for your
participation, not to exceed 2% of your overall course grade. This research is considered minimal
risk. Minimal risk means that study risks are the same as the risks you face in daily life.
Confidentiality: Even if we publish the findings from this study, we will keep your study
information private and confidential. Anyone with the authority to look at your records must
keep them confidential.
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Why are you being asked to take part?
You are being asked to take part in this study because you represent a unique and important
perspective that can help educational researchers to better understand pre-service teachers’
knowledge of brain development and the motivational styles adopted by pre-service teachers.
This information may aid the design of teacher education programs and professional
development aimed at supporting pre-service teachers’ neuroscience literacy and need supportive
teaching practices.
Study Procedures
If you elect to participate in this study, you will receive a confidential, personalized link to an
online survey. The survey will take approximately 10 to 15 minutes to complete.
Alternatives / Voluntary Participation / Withdrawal
You do not have to participate in this research study. You should only take part in this study if
you want to volunteer. You should not feel that there is any pressure to take part in the study.
You are free to participate in this research or withdraw at any time. There will be no penalty or
loss of benefits you are entitled to receive if you stop taking part in this study. Your decision to
participate or not to participate will not affect your student status, course grade,
recommendations, or access to future courses or training opportunities. If your instructor elects
to provide extra credit for participation in the study, then a non-research assignment of
equivalent extra credit points/percentage must also be offered.
Benefits and Risks
The potential benefits of participating in this research study include aiding the design of teacher
education programs and professional development; resources identifying strategies for
supporting students’ brain development and motivation in school; extra credit at the discretion of
your instructor. This research is considered to be minimal risk.
Compensation
At the discretion your instructor, you may receive extra credit not to exceed 2% of your overall
course grade for participation in the study.
Privacy and Confidentiality
We will do our best to keep your records private and confidential. We cannot guarantee absolute
confidentiality. Your personal information may be disclosed if required by law. Certain people
may need to see your study records. These individuals include:
(1) The research team, including the Principal Investigator and all other research staff.
(2) Certain government and university people who need to know more about the study. For
example, individuals who provide oversight on this study may need to look at your records. This
is done to make sure that we are doing the study in the right way. They also need to make sure
that we are protecting your rights and your safety.
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(3) Any agency of the federal, state, or local government that regulates this research. This
includes the Department of Health and Human Services (DHHS) and the Office for Human
Research Protection (OHRP).
(4) The USF Institutional Review Board (IRB) and its related staff who have oversight
responsibilities for this study, and staff in USF Research Integrity and Compliance.
It is possible, although unlikely, that unauthorized individuals could gain access to your
responses because you are responding online. Confidentiality will be maintained to the degree
permitted by the technology used. No guarantees can be made regarding the interception of data
sent via the Internet. However, your participation in this online survey involves risks similar to a
person’s everyday use of the Internet. If you complete and submit an anonymous survey and later
request your data be withdrawn, this may or may not be possible as the researcher may be unable
to extract anonymous data from the database.
Contact Information
If you have any questions, concerns or complaints about this study, please contact Katie Jansen
at jansenk@mail.usf.edu or 407-921-6000. If you have questions about your rights, complaints,
or issues as a person taking part in this study, call the USF IRB at (813) 974-5638 or contact by
email at RSCH-IRB@usf.edu. Your information collected as part of the research, even if
identifiers are removed, will NOT be used or distributed for future research studies.
We may publish what we learn from this study. If we do, we will not let anyone know your
name. We will not publish anything else that would let people know who you are. You can print
a copy of this consent form for your records.
I freely give my consent to take part in this study. I understand that by proceeding with this
survey, I am agreeing to take part in research and I am 18 years of age or older.
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Appendix B: Demographic Form
Sex (Choose one):
• Male
• Female
• Other: _______
Age (Choose one):
• 18
• 19
• 20
• 21
• 22
• 23
• 24
• Other: _______
Ethnicity (Choose one):
• Black/African American
• Asian
• Hispanic/Latinx
• Multiracial
• White
• Other: _______
Class Standing (Choose one):
• Freshman
• Sophomore
• Junior
• Senior
GPA (Choose one):
• 3.50 – 4.00
• 3.00 – 3.49
• 2.49 – 2.99
• 2.00 – 2.50
• Below 2.00
Subject Area (Choose one):
• Early Childhood Education
• Elementary Education
• English Education
• Exceptional Student Education
• Foreign Language Education
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•
•
•
•
•
•

Mathematics Education
Middle Grades Mathematics
Physical Education
Science Education
Social Studies Education
Other: _______

Intended Major (Choose one):
• Education
• Other: _______
Classroom Teaching Experience (Select all that apply):
• I have observed an active classroom.
• Field Experience
• I have completed some field experience.
• I have served as a substitute teacher.
• I have no experience.
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Appendix C: The Brain in Education Measure
Myths
1. Environments that are rich in stimulus improve the development of brains of preschool children.*
2. Short sessions of motor coordination exercises, such as crossovers, can improve the
collaboration of the left and right hemisphere of the brain.*
3. Certain exercises that practice the coordination of perceptual-motor skills (e.g., body
awareness and lateralized body movements) can improve the literacy skills of
children.*
4. Doing basic Brain Gym exercises help students to learn to read and use language
better.*
5. Consuming drinks or snacks that contain a lot of (added) sugar can make students less
attentive.*
6. Differences in hemispheric dominance (left brain, right brain) can help explain
individual differences among learners.*
7. In general, students learn better when information is presented in their preferred
learning style (e.g., auditory, visual, tactile, and kinesthetic).*
8. Following a specific diet can help overcome certain neurological disabilities, such as
ADHD, Dyslexia, and Autism spectrum disorders.*
9. We only use 10% of our brain.*
10. Drinking less than 6–8 glasses of water a day can cause a developing brain to shrink in
size.*
11. There are critical periods in childhood after which certain skills can no longer be
learned.*
12. Regular drinking of caffeinated drinks (more than 5 cups of coffee, cans of soda, or
energy drinks) increases alertness.*
13. Extended repetition of some mental processes can change the shape and structure of
some parts of the brain.*
14. Children must acquire their native language before a second language is learned. If
they do not do so, neither language will be fully acquired.*
15. Education cannot remediate learning difficulties related to developmental differences
in brain function.*
Facts
1. When we sleep, the brain shuts down.*
2. Cognitive abilities are inherited and cannot be modified by the environment or by life
experience.*
3. We use our brains 24 hours a day in some capacity.
4. Learning occurs through the creation and modification of the brain’s neural
connections.
5. Students’ brains continue to develop structurally during middle and high school.
6. Students have individual preferences for the style in which they receive information
(e.g., visual, auditory, tactile, and kinesthetic).
7. Production of new neural connections in the brain can continue into old age.
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8. Keeping a phone number in memory until dialing, recalling a recent event, and
remembering distant experiences all use a different part of the memory system.
9. Vigorous physical exercise can improve your mental function.
10. Academic achievement can be affected by skipping breakfast.
11. When a part of the brain is damaged, other parts can take up its function.
12. The brain of boys and girls develop at the same rate in size and structures.*
13. Normal development of the human brain involves the birth and death of brain cells.
14. To learn to do something, it is necessary to pay conscious attention to it.
15. Learning occurs through the addition of new cells to the brain.*
16. Memories are stored in the brain much like a computer; that is, each memory goes into
a tiny, identifiable piece of the brain.*
17. The left and right hemispheres of the brain always work together.
18. Boys have bigger brains (in size) than girls.

Note: Adapted from van Dijk and Lane (2018). *Indicates incorrect statements.
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Appendix D: Problems in Schools Questionnaire

On the following pages you will find a series of vignettes. Each one describes an incident and
then lists four ways of responding to the situation. Please read each vignette and then consider
each response in turn. Think about each response option in terms of how appropriate you
consider it to be as a means of dealing with the problem described in the vignette. You may find
the option to be “perfect,” in other words, “extremely appropriate” in which case you would
respond with the number 7. You might consider the response highly inappropriate, in which case
would respond with the number 1. If you find the option reasonable you would select some
number between 1 and 7. So think about each option and rate it on the scale shown below. Please
rate each of the four options for each vignette. There are eight vignettes with four options for
each.
There are no right or wrong ratings on these items. People’s styles differ, and we are simply
interested in what you consider appropriate given your own style.
Some of the stories ask what you would do as a teacher. Others ask you to respond as if you were
giving advice to another teacher or to a parent. Some ask you to respond as if you were the
parent. If you are not a parent, simply imagine what it would be like for you in that situation.
Please respond to each of the 32 items using the following scale.

A. Jim is an average student who has been working at grade level. During the past two weeks
he has appeared listless and has not been participating during reading group. The work he
does is accurate but he has not been completing assignments. A phone conversation with
his mother revealed no useful information. The most appropriate thing for Jim’s teacher to
do is:
1. She should impress upon him the importance of finishing his assignments since he
needs to learn this material for his own good.
2. Let him know that he doesn’t have to finish all of his work now and see if she can
help him work out the cause of the listlessness.
3. Make him stay after school until that day’s assignments are done.
4. Let him see how he compares with the other children in terms of his assignments and
encourage him to catch up with the others.
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B. At a parent conference last night, Mr. and Mrs. Greene were told that their daughter Sarah
has made more progress than expected since the time of the last conference. All agree that
they hope she continues to improve so that she does not have to repeat the grade (which
the Greene’s have been kind of expecting since the last report card). As a result of the
conference, the Greenes decide to:
5. Increase her allowance and promise her a ten-speed if she continues to improve.
6. Tell her that she’s now doing as well as many of the other children in her class.
7. Tell her about the report, letting her know that they’re aware of her increased
independence in school and at home.
8. Continue to emphasize that she has to work hard to get better grades.

C. Donny loses his temper a lot and has a way of agitating other children. He doesn’t respond
well to what you tell him to do and you’re concerned that he won’t learn the social skills
he needs. The best thing for you to do with him is:
9. Emphasize how important it is for him to “control himself” in order to succeed in
school and in other situations.
10. Put him in a special class which has the structure and reward contingencies which he
needs.
11. Help him see how other children behave in these various situations and praise him for
doing the same.
12. Realize that Donny is probably not getting the attention he needs and start being more
responsive to him.

D. Your son is one of the better players on his junior soccer team which has been winning
most of its games. However, you are concerned because he just told you he failed his unit
spelling test and will have to retake it the day after tomorrow. You decide that the best
thing to do is:
13. Ask him to talk about how he plans to handle the situation.
14. Tell him he probably ought to decide to forego tomorrow’s game so he can catch up
in spelling.
15. See if others are in the same predicament and suggest he do as much preparation as
the others.
16. Make him miss tomorrow’s game to study; soccer has been interfering too much with
his school work.
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E. The Rangers spelling group has been having trouble all year. How could Miss Wilson best
help the Rangers?
17. Have regular spelling bees so that Rangers will be motivated to do as well as the other
groups.
18. Make them drill more and give them special privileges for improvements.
19. Have each child keep a spelling chart and emphasize how important it is to have a
good chart.
20. Help the group devise ways of learning the words together (skits, games, and so on).

F. In your class is a girl named Margy who has been the butt of jokes for years. She is quiet
and usually alone. In spite of the efforts of previous teachers, Margy has not been accepted
by the other children. Your wisdom would guide you to:
21. Prod her into interactions and provide her with much praise for any social initiative.
22. Talk to her and emphasize that she should make friends so she’ll be happier.
23. Invite her to talk about her relations with the other kids, and encourage her to take
small steps when she’s ready.
24. Encourage her to observe how other children relate and to join in with them.

G. For the past few weeks things have been disappearing from the teacher’s desk and lunch
money has been taken from some of the children’s desks. Today, Marvin was seen by the
teacher taking a silver dollar paperweight from her desk. The teacher phoned Marvin’s
mother and spoke to her about this incident. Although the teacher suspects that Marvin has
been responsible for the other thefts, she mentioned only the one and assured the mother
that she’ll keep a close eye on Marvin. The best thing for the mother to do is:
25. Talk to him about the consequences of stealing and what it would mean in relation to
the other kids.
26. Talk to him about it, expressing her confidence in him and attempting to understand
why he did it.
27. Give him a good scolding; stealing is something which cannot be tolerated and he has
to learn that.
28. Emphasize that it was wrong and have him apologize to the teacher and promise not
to do it again.

H. Your child has been getting average grades, and you’d like to see her improve. A useful
approach might be to:
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29. Encourage her to talk about her report card and what it means for her.
30. Go over the report card with her; point out where she stands in the class.
31. Stress that she should do better; she’ll never get into college with grades like these.
32. Offer her a dollar for every A and 50 cents for every B on future report cards.
Scoring Information. The procedure for scoring the questionnaire begins by averaging the eight
ratings in each of the four categories. The four categories are highly controlling (HC),
moderately controlling (MC), moderately autonomy supportive (MA), and highly autonomy
supportive (HA). The four subscale scores (composed of the average of the eight responses for
that subscale) can be used separately, in multi-variate analyses, or they can be combined into one
overall reflection of the “Adult’s Orientation Toward Control Versus Autonomy Support with
Children.” The original procedure for combining the four subscales into one total scale score, as
described in Deci, Schwartz, Sheinman, and Ryan (1981) involved weighting the average for the
highly controlling responses with a -2 (minus two); weighting the moderately controlling average
with -1 (minus one); weighting the average for the moderately autonomy supportive subscales
with +1; and weighting the average for highly autonomy supportive subscale with +2. The
algebraic sum reflects the adults’ orientations toward control versus autonomy support, with a
higher score reflecting a more autonomy supportive orientation and a lower score or a more
negative score reflecting a more controlling orientation. However, more recent work (e.g.,
Reeve, Bolt, & Cai, in press) has indicated that the so-called moderately autonomy supportive
subscale actually acts more like a Slightly Controlling subscale. Accordingly, Reeve et al.
recommended weighting the MA subscale 0 (zero), rather than -1 (minus 1). The items making
up the subscales are as follows.
HC 3, 5, 10, 16, 18, 21, 27, 32
MC 1, 8, 9, 14, 19, 22, 28, 31
MA 4, 6, 11, 15, 17, 24, 25, 30
HA 2, 7, 12, 13, 20, 23, 26, 29
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Appendix E: Item Analysis for Brain in Education Measure and PS Questionnaire

Table A1. Weak Items: Neuromyth Scale on the Brain in Education Measure
Corrected inter-item
total correlation

Cronbach’s 𝛼 if
item deleted

Environments that are rich in stimulus improve the
development of brains of pre-school children.*

-.01

.56

Short sessions of motor coordination exercises, such
as crossovers, can improve the collaboration of the
left and right hemisphere of the brain.*

.04

.55

Consuming drinks or snacks that contain a lot of
(added) sugar can make students less attentive.*

.08

.56

Item

Note. Items were selected if their removal from the scale improved the total alpha; *incorrect
statement.

Table A2. Weak Items: Neuroscience Literacy Scale on the Brain in Education Measure

Item

Corrected inter-item
total correlation

Cronbach’s 𝛼 if
item deleted

Students have individual preferences for the style
in which they receive information (e.g., visual,
auditory, tactile, and kinesthetic).

.02

.57

Vigorous physical exercise can improve your
mental function.

.02

.58

Students’ brains continue to develop structurally
during middle and high school.

.04

.57

To learn to do something, it is necessary to pay
conscious attention to it.

.05

.58

The left and right hemispheres of the brain
always work together.

.07

.58

Note. Items were selected if their removal from the scale improved the total alpha.
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Table A3. Weak Items: Autonomy-Supportive and Controlling Subscales of the PS
Questionnaire
Corrected
inter-item total
correlation

Cronbach’s 𝛼
if item deleted

AS

Let him know that he doesn’t have to finish
all of his work now and see if she can help
him work out the cause of the listlessness.

-.048

.70

Control

Help him see how other children behave in
these various situations and praise him for
doing the same.

.149

.74

Subscale

Item

Note. Items were selected if their removal from the scale improved the total alpha. AS refers to
Autonomy-Supportive and Control refers to Controlling.
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